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Now  you  can  dry 

Flotation  Concentrates 

This  heretofore  difficult  problem  has  now  been  solved  in  a  thoroughly 
satisfactory  manner  by 

The  Lowden  Dryer 


Considered  by  all  who  have  seen  it  operate  to  be  the  final  solution  of 
the  concentrates  drying  problem. 
It  has  been  adopted  by  the 

Federal  Lead  Company 

Missouri  Cobalr  Company 

Vindicator  Cons.  G.  M.  Company 
Desloge  Cons.  Lead  Company 
St.  Joseph  Lead  Company 
National  Lead  Company 

Ohio  Copper  Company 

and  many  others  are  now  planning  Installations. 
Tou  certainly  should  investigate  this  dijer.    Send  for  Pamphlet  No,  3] 

Colorado  Iron  Works  Co. 

Ore  Milling  Machinery  and  Smelting  Equipment  Since  1860 

NEw^YORKciTY  Dcnvcr,  Colo. 
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COLORADO  MEETING 

This  Bulletin  will  be  received  by  members  at  about  the  time  the  Col- 
orado Meeting  is  in  session.  A  general  account  of  the  meeting  will 
be  printed  in  the  October  Bulletin,  but  it  will  not  be  practicable  to  pub- 
lish the  discussion  of  the  papers  at  the  Colorado  Meeting  until  the  Nov- 
vember  Bulletin. 


lyOLWAUEEE  MEETING,  OCTOBER  8  to  11,  1918 

A  special  meeting  of  the  Institute,  at  which  the  Institute  of  Metals 
Division  will  join  with  those  members  who  are  most  interested  in  iron 
and  steel,  and  in  coal  and  coke,  will  be  held  in  Milwaukee,  Wis.,  October 
8  to  11,  1918.     The  technical  program  is  as  follows: 

■ 

Institute  of  Metals  Division 

Tuesday  morning y  October  8 : 

The  Metallography  of  Tungsten,  by  Zay  Jeffries.     {Bulletin  No.  138,  p.  1037.) 

The  Constitution  of  the  Tin  Bronzes,  by  S.  L.  Hoyt. 

Paper,  title  not  given,  by  C.  H.  Mathewson. 

Notes  on  Babbitt  and  Babbitted  Bearings,  by  Jesse  L.  Jones.     {Bvlletin  No.  140, 

p.  1397.) 
OjQTgen  and  Sulphur  in  the  Melting  of  Copper  Cathodes,  by  S.  Skowronski. 

{Bulletin  No.  135,  p.  645.) 
The  Relation  of  Sulphur  to  the  Overpoling  of  Copper,  by  S.  Skowronski.     {Bulle- 

iin  No.  135,  p.  fel);  with  discussion  oy  Philip  L.  Gill.     {Bulletin  No.  140, 

p.  1156.) 

•  •  • 
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Wednesday  morning j  October  9: 

Symposium  on  the  Conservation  of  Tin.    Those  taking  part  will  be  the  following: 

Dr.  G.  W.  Thompson,  of  National  Lead  Co. 

Mr.  G.  H.  Clamer,  of  the  Ajax  Metal  Co. 

Mr.  C.  M.  Waring,  Pennsylvania  Railroad  Co. 

Mr.  M.  L.  Lissberger,  of  Mark  Lissber^er  &  Son,  Inc. 

Mr.  D.  M.  Buck,  American  Sheet  &  Tm  Plate  Co. 

Mr.  W.  M.  Corse,  Titanium  Bronze  Co. 

Messrs.  Burgess  and  Woodward,  U.  S.  Bureau  of  Standards. 

Mr.  M.  L.  Dizer,  of  War  Industries  Board. 

A  representative  of  the  Niles-Bement-Pond  Co. 

A  representative  of  the  Bureau  of  Steam  Engineering,  U.  S.  Navy  Dept. 

Wednesday  afternoon,  October  9 : 

The  Volatility  of  the  Constituents  of  Brass,  by  John  Johnston.     {Journal,  Am. 

Inst.  Metals,  March,  1918,  p.  15.) 
Notes  on  the  Metallography  of  Aluminum,  by  P.  D.  Mericaand  J.  R.  Freeman,  Jr. 
The  Efifect  of  Impurities  on  the  Hardnedis  of  Cast  Zinc  or  Spelter,  by  G.  C.  Stone. 

(Journal,  Am.  Inst.  Metals,  March,  1918,  p.  11.) 
Dental  Alloys,  by  Dr.  Arthur  W.  Gray. 

Electrolytic  Zinc,  by  C.  A.  Hansen.     (Bulletin  No.  135,  p.  615.) 
The  Condensation  of  Zinc  from  its  Vapor,  by  C.  H.  Fulton.     (Bulletin  No.  140, 

p.  1375.) 

Thursday  morning,  October  10 : 

Notes  on  Non-metallic  Inclusions  in  Bronzes  and  Brasses,  by  G.  F.  Comstock. 
(Journal,  Am.  Inst.  Metals,  March,  1918,  p.  5.) 

Nichrome  Castings,  by  Mr.  Arlington  Benzol,  of  Driver-Harris  Wire  Co. 

Fusible  Plug  Manufacture,  by  Messrs.  G.  K.  Burgess  and  L.  J.  Gurevich. 

Paper,  title  not  stated,  by  P.  D.  McKinney. 

Application  of  the  Spectroscope  to  the  Chemical  Determination  of  Lead  in  Cop- 
per, by  Messrs.  Hiil  and  Lucke. 

Radium,  by  Richard  B.  Moore.     (Bulletin  No.  140,  p.  1165.) 

Iron  and  Steel  Section 

Session  on  Iron  and  Steel.     Tuesday  morning,  October  8 

The  Limonite  Deposits  of  Mayaguez  Mesa,  Porto  Rico,  by  C.  R.  Fettke  and  Beia 

Hubbard.     (Bulletin  No.  135,  p.  661.) 
The  Manufacture  of  Ferro-alloys  in  the  Electric  Furnace,  by  R.  M.  Keeney. 

(Bulletin  No.  140,  p.  1321.) 
The  Manufacture  of  Silica  Brick,  by  H.  LeChatelier  and  B.  Bogitch.     (Bulletin 

No.  141,  Sept.,  1918.) 
Notes  on  Certain  Iron-ore  Resources  of  the  World,  N.  Y.  Section  Meeting  of  May 

23,  1918.     (BuUetin  No.  141,  Sept.  1918.) 
Recent  Geologic  Development  on  the  Mesabi  Iron  Range,  Minn.    Discussion  by 

Anson  A.  Betts  and  J.  F.  Wolff.     (Bulletin  No.  141,  Sept.,  1918.) 
Moving  Pictures  on  the  Triplex  Steel  Process. 

Session  on  Coal  and  Coke.     Wednesday  morning,  October  9 

The  Byproduct  Coke  Oven  and  its  Products,  by  W.  H.  Blauvelt.     (BuUetin 

No.  i35,  p.  697.) 
The  Use  of  Coal  in  Pulverized  Form,  by  H.  R.  Collins.     (Bulletin  No.  136,  p.  955.) 
Carbocoal,  by  C.  T.  Malcolmson.     (Bulletin  No.  137,  p.  971.) 
Low-temperature  Distillation  of  Illinois  and  Indiana  Coals,  by  G.  W.  Traer. 

(Bulletin  No.  141,  Sept.,  1918.) 
Price  Fixing  of  Bituminous  Coal  by  the  U.  S.  Fuel  Administration,  by  R.  V.  Nor- 

ris  and  others.     (Bulletin  No.  141,  Sept.,  1918.) 

Session  on  Miscellaneous  Subjects.     Wednesday  afternoon,  October  9 

The  Work  of  the  National  Research  Council,  by  H.  M.  Howe. 

Moving  pictures  on  Concrete  Ships. 

Moving  pictures  on  Cripples  in  the  Manufacturing  Industries. 
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NEW  YORK  MEETING,  FEBRUARY  17-20,  1919 

In  preparation  for  the  118th  meeting,  New  York,  Feb.  17  to  20,  1919, 
the  following  committees  have  been  appointed: 

Committee  on  Arrangements 

Allen  H.  Rogers,  Chairman.  W.  S.  Dickson,  Secretary. 

J.  E.  Johnson,  Jr.  F.  T.  Rxtbidgb. 

H.  C.  Parmelee.  Forest  Rutherford. 

P.  G.  Spilsbury. 

Committee  on  Annual  Dinner  Committee  on  Luncheon 

F.  T.  Rubidge  Forest  Rutherford,  Chairman. 

E.  B.  Sturgis.  E.  Maltby  Shipp. 

Committee  on  Patriotic  Meeting 
H.  C.  Parmelee,  Chairman 


LOCAL  SECTION  NEWS 

COLUMBU  ^  SECTION 

S.  S.  Fowler,  Chairman^  J.    C.   Haar,    Vice-chairman, 

Lyndon  K.  Armstrong,  Secretarp-Treaaurerj  720  Peyton  Bldg.,  Spokane,  Wash. 
W.  H.  Linney.  J.    F.    McCarthy. 

On  July  16,  16,  and  17,  1918,  through  the  good  offices  of  Secretary 
Stoughton,  and  the  courtesy  of  War  Department  officials,  Columbia 
Section  was  able  to  secure  a  series  of  moving  pictures  which  were  presented 
under  the  auspices  of  the  Spokane  Engineering  and  Technical  Associa- 
tion. The  title  was  "The  Way  Out,''  representing  the  activities  of  indi- 
viduals who  had  lost  an  arm,  a  leg,  or  both,  yet  whose  apparent  mis- 
fortunes were  made  the  stepping  stones  to  advancement  in  various 
human  activities.  The  exhibitions  were  given  at  Natatorium  Park  in 
the  evening,  each  of  the  three  performances  being  attended  by  1000  per- 
sons. Later  the  films  were  shipped  to  Kellogg,  Idaho,  where  they  were 
shown  in  the  principal  playhouse  one  evening  to  a  full  house. 

On  July  31,  1918,  the  Columbia  Section  participated  in  the  lunch- 
eon and.  other  entertainment  in  honor  of  Alfred  D.  Flinn,  Secretary 
of  the  Engineering  Council,  who  made  a  trip  through  the  country  to 
meet  different  classes  of  engineers,  members  of  the  National  Societies, 
for  whonn  he  had  a  message.  The  entertainment  was  under  the  auspices 
of  the  Spokane  Engineering  and  Technical  Association,  Mr.  Peter  Mogen- 
sen  presiding.  The  luncheon  was  held  in  the  Elizabethan  Room,  Daven- 
port Hotel,  at  noon,  35  engineers  being  present,  of  whom  about  one-third 
were  our  members. 

Mr.  FUnn  gave  a  very  comprehensive  description  of  the  work  of  the 
Engineering  Council  and  allied  interests  of  the  Engineering  Societies, 
lajring  particular  stress  on  the  necessary  and  desirable  working  alliance 
between  the  central  bodies  and  the  individual  members  and  local  sec- 
tions, and  expressing  gratification  with  the  responsive  attitude  of  the 
engineers  in  every  part  of  the  country  which  he  had  visited.  After  some 
important  messages,  which  were  discussed,  some  of  the  local  engineers 
added  some  pertinent  suggestions:  Among  these  were  Messrs.  J.  C. 
Ralston;  C.  A.  Lund;  A.  D.  Butler;  J.  B.  Fisken;  L.  K.  Armstrong,  and 
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others.  A  conference  after  the  luncheon  was  followed  by  a  visit  to  points 
of  interest  within  the  city  limits  and  beyond,  through  the  courtesy  of 
Mrs.  J.  C.  Haas,  wife  of  the  Vice-chairman  of  Columbia  Section.  A  din- 
ner was  served  at  6.30  at  which  some  15  were  present,  and  Mr.  Flinn 
left  for  Butte'  by  a  late  train.  His  visit  will  have  had  some  lasting 
beneficial  results. 

L.  K.  Armstrong,  Secretary, 

BOSTON  SECTION 

We  have  received  a  letter  from  Mr.  August  H.  Eustis,  explaining 
his  remarks  at  the  forty-eighth  meeting  of  the  Boston  Section,  May  6, 
1918  {Bulletin  No.  139,  p.  xii)  regarding  methods  of  disposing  of  sul- 
phuric acid  fumes  at  the  West  Norfolk  smelter  of  the  Virginia  Smelting 
Company. 

As  reported  in  the  minutes  of  that  meeting,  it  was  stated:  "The 
original  intention  was  to  run  these  solutions  into  the  harbor,  but,  owing 
to  a  suit  instituted  by  oyster  growers  about  this  time,  it  was  thought 
best  to  remove  most  of  the  sulphur  dioxide  before  doing  so."  Fearing 
that  this  report  of  his  speech  may  lead  to  misapprehension,  Mr.  Eustis 
now  writes:  *'When  the  plant  was  first  built  we  were  all  very  much 
afraid  about  the  disposal  of  these  liquors,  and  feared  that  they  might 
make  themselves  a  nuisance,  where  they  ran  into  the  harbor.  Subse- 
quent experience  has  proved  that  this  is  not  at  all  the  case.  As  a  matter 
of  fact,  it  is  almost  impossible  to  detect  the  presence  of  the  liquors  in 
the  harbor,  even  close  to  the  mouth  of  the  sewer,  where  they  discharge, 
regardless  of  whether  the  sulphur  dioxide  extracting  plant  is  in  operation, 
or  not.'' 


DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  April  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on 
the  battlefield  in  1915. 

Cobeldick,  William  Morley,  Royal  Engineers,  died  from  gas  poisoning 
on  October  7,  1915. 

Dougall,  Ralph,  killed  in  action. 

Evans,  Alfred  Winter,  Lieut.-Col.,  New  Zealand  Rifle  Brigade, 
D.  S.  0.,  D.  C.  M.,  killed  in  action  on  October  12,  1917. 

Gorpxan,  Thomas  C,  Lieut.,  Canadian  Engineers,  killed  in  France, 
Mar.  18,  1918. 

Hague,  William,  1st  Lieut.,  Engineer  Officers*  Reserve  Corps,  died  in 
active  service. 

Hall,  William  T.,  Capt.,  Royal  Flying  Corps,  killed  in  action. 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  killed  at  Fort  Sill, 
Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  11th  Engineers,  A.  E.  F.,  died  while 
on  active  service  in  France  on  July  26,  1918. 
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Perry,  Edward  H.,  1st  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
Expeditionary  Forces,  France,  killed  in  action  on  March  30,  1918. 

Pretyman,  Frank  Remingtoiii  2d  Lieut.,  Royal  Engineers,  killed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.,  Royal  Engineers,  B.  E.  F.,  232d  Army 
Troops  Co.,  killed  in  action. 

Ringlund,  Soren,  Medical  Department,  Fort  Logan,  Colo.,  died 
suddenly  in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aero  accident 
in  England  on  May  25,  1918. 


NEWS  FROM  MEMBERS  AT  THE  FRONT 

John  M.  Cairns,  in  an  interesting  letter  dated  June  19,  1918,  tells 
us  of  his  experiences  in  Italy.  He  says,  "It  may  interest  you  to  know  I 
came  out  to  Italy  after  being  on  the  Afghan  frontier  of  Indian  Baluch- 
istan, in  August  last  year,  and  for  some  time  was  posted  at  Turin  as 
Railway  Transport  oflScer.  At  that  time  Turin  was  in  the  toils  of  the  riots 
which  were  the  forerunners  and  preliminaries  which  led  up  to  the  great 
Italian  retreat  (Capretto).  Since  then  I  have  been  all  over  Italy  from 
(deleted  by  the  censor)  in  Transportation  intelligence,  and  now  have  just 
been  transferred  to  the  Directorate  of  Requisitions  and  Hirings,  which 
now  permits  great  opportunities  of  going  nearly  all  over  Italy  (deleted 
by  the  censor) . 

My  address  is  L.  of  C.  Branch,  D.  R.  &  H.,  A.  P.  O.  L/1,  I.  E.  F. 

Thomas  S.  Chalmers,  formerly  Captain,  Ordnance,  in  non-ferrous 
metals  department.  Procurement  Division,  Washington,  has  been  ap- 
pointed Major,  Ordnance,  N.  A.;  he  left  for  foreign  parts  May  23,  1918, 
and  arrived  somewhere  abroad. 

G.  A.  Denny  writes  us  that  his  brother  H.  S.  Denny  has  been  for  3 
years  in  charge  of  Government  explosives  factories,  and  as  a  sign  of 
approval  he  has  recently  been  given  the  award  of  ''Commander  of  the 
Order  of  the  British  Empire." 

ADDITIONAL  LIST  OF  MEMBERS  OF  THE  INSTITUTE 

IN  MILITARY  SERVICE 

(The  following  list  contains  the  names  of  those  members  of  the  Institute  of  whose 
connection  with  military  service  we  have  only  recently  become  acquainted ;  it  also 
mcludes  the  names  of  a  few  who  have  recently  been  promoted  or  transferred.  A 
complete  list  was  published  in  the  Year  Book,  issued  as  a  supplement  of  the  Bulletin 
for  March,  1918.) 

Andrews,  Clarence  W.,  2d  Lieutenant,  12th  Batt.  Infantry  Re- 
placement Regiment. 

Andrews,  Joseph  C,  Ordnance  Dept.,  U.  S.  A. 

Arluck,  a.  a.,  Headquarters,  1st  Corps  of  Artillery,  A.  P.  0.  No. 
759,  A.  E.  F. 
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Ater,  Frank  A.,  1st  Lieutenant,  353d  Aero  Squadron,  A.  E.  F. 

Ball,  Edwin  M.,  Slst  Infantry,  Headquarters  Co. 

Ball,  Tom  Lee,  Naval  Aviation. 

BouDWiN,  Walker  J.,  Administrative  Labor  Co.,  No.  46  (Spanish) 
A.  P.  O.  713,  A.  E.  F. 

Campbell,  William,  Lieutenant  Commander,  U.  S.  N.  R.  F.,  New 
York  Navy  Yard. 

Catlett,  Charles,  Chemical  Division  of  the  War  Industries  Board. 

Chapman,  Lewis  G.,  Co.  F,  604th  Engineers. 

Clark,  Howell  Smith,  Co.  E,  1st  Replacement  Regiment,  Engineers. 

Cooper,  Claude  H.,  Captain,  Coast  Artillery  Reserve  Corps,  50th 
Artillery,  Camp  Eustis,  Va. 

CuRRiE,  David,  Director  General,  National  Salvage  Council,  Caxton 
House,  Westminster,  S.  W.  I.,  London. 

Delano,  Frederic  A.,  Major,  Engineer  Reserve  Corps,  A.  E.  F. 

Dickson,   Robert  Henry,  Ist  Lieutenant,  C.  A.  N.  A.,  Fortress 
Monroe,  Va. 

Dunn,  T.  S.,  Captain,  538th  Engineers,  Camp  Meade,  Md. 

Eaton,  Lucien,  Captain,  Engineer  Reserve  Corps,  Provisional  Co. 
4,  E.  R.  O.  T.  C. 

Edwin,  John,  Company  A,  27th  Engineers,  A.  E.  F. 

Ely,  Fred  B.,  1st  Lieutenant,  Aviation  Section,  N.  A. 

Fairbairn,  George,  Captain,  252d  Co.,  Royal  Engineers,  British 
E.  F.,  France. 

Fassett,  N.  C,  Section  600,  U.  S.  A.  Ambulance  Service,  A.  E.  F. 
with  ItaUan  Army. 

Ford,  Harold  P. 

Fraser-Campbell,    Evan,   2d   Lieutenant,   180th   Tunnelling  Co., 
R.  E.,  British  E.  F. 

Gilbert,   Donald   C,   Company  L,    1st   Replacement   Regiment, 
Engineers. 

Hopper,  Walter  E.,  Bureau  of  Research,  War  Trade  Board. 

HousHOLDER,   E.   Ross,  Company  L,  1st  Replacement  Regiment, 
Engineers. 

Imhoff,    Wallace   G.,   Lieutenant,   Assistant   Engineer,   Airplane 
Motor  Dept.  Rich  Field,  Waco,  Texas. 

KuLLMAN,  Joseph  J.,  1st  Lieutenant,  Company  A,  113th  Engineers, 
A.  E.  F. 

Lamb,  Herbert  W.,  Captain,  Engineers  N.  A.,  Post  Headquarters, 
Fort  Benjamin  Harrison,  Ind. 

Lovejoy,  J.  M.,  Lieutenant,  F.  A.  R.  C.  Saumur  Artillery  School, 
A.  P.  O.  No.  718,  A.  E.  F. 

McAdam,  D.  J.,  Jr.,  U.  S.  Naval  Engineering  Experimental  Station, 
Annapolis,  Md. 

McAllen,    John   L.,  Lieutenant,   Company   B,    602d    Engineers, 
A.  E.  F. 

McConnell,  Robert  E.,  Lieutenant,  U.  S.  N.  R.  F.,  Room  6312,  New 
Interior  Bldg.,  Navy  Dept. 

McNair,  F.  W.,  Associate  Engr.  Physicist,  Bureau  of  Standards, 
Washington,  D.  C. 

Magnus,  Benjamin,  Captain,  Engineer  Reserve  Corps. 

MiLYKO,  Alexander,  Sergeant,  2d  Battery,  F.  A.  C,  0.  T.  S.  Camp 
Taylor. 
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MoGA,  John  A.,  9th  Co.,  C.  A.  C,  of  C.  B. 

Neoru,  Jacques  S.,  Pvt.  No.  2504000,  Canadian  Railway  Troops, 
Depot,  Draft  No.  76,  Purfleet,  Essex,  England. 

Nelson,  H.  C,  27th  Enjijineers,  A.  E.  F. 

Nelson,  W.  I.,   Balloon  Co.,  64,  Arcadia,  Cal. 

Newby,  Jerry  B. 

OuGH,  S.  W.,  Care  N,  W.  J.  Gibson,  7  Officers  Quarters,  Royal  Arsenal, 
Woolwich. 

Page,  William  Kingman,  Lieutenant,  Ordnance  Reserve  Corps, 
Inspector  of  Ordnance. 

Pond,  Walter  F.,  Captain,  Headquarters  30th  Engineers  .(Gas 
&  Flame  Regiment)  A.  E.  F. 

Price,  Harold  C,  1st  Lieutenant,  C.  A.  R.  C,  53d  Ammunition 
Tram,  C.  A.  C,  A.  E.  F. 

Price,  Virgil  T.,  10th.  Co.,  164th  Depot  Brigade,  Camp  Funston, 
Kansas. 

Rankin,  James. 

Read,  J.  Burns,  Captain,  Ordnance  Reserve  Corps,  Inspection 
Division. 

Ross,  Clyde  P.,  Photographic  Branch,  Dept.  of  Military  Aeronautics. 

RousH,  G.  A.,  Captain,  Ordnance  Dept.,  U.  S.  Army.  Head  of 
Educational  Branch,  Inspection  Division,  6th  &  B.  Sts.,  N.  W.,  Wash- 
ington, D.  C.      \ 

Seamon,  W.  H.,  Jr.,  Company  A,  27th  Engineers,  A.  E.  F. 

Searing,  Oliver  P.,  Care  Construction  Quartermaster,  Camp 
Shelby,  Hattiesburg,  Miss. 

Smith,  F.  G.,  Metallurgist,  Ordnance  Dept.,  Inspection  Division, 
Non-ferrous  Metals  Branch. 

Smith,  Frank  A.,  2d  Batt.,  Ordnance  Detachment  C. 

Smith,  Sydney  L.,  Major,  E.  R.  C.  514th  Engineers,  A.  P.  O.  No. 
731,  A.  E.  F. 

SoMMBKviLLE,  WiLLiAM  B.,  Jr.,  Lieutenant,  C.  A.  C,  Fort  Terry, 
N.  Y. 

Starkey,  Tom  R.,  Lieutenant,  Company  C,  1st  Lakour  Batt.,  R.  E. 

Stewart,  Lloyd  L.,  U.  S.  Government  Inspector,  Care  Hercules 
Powder  Co.,  Berkeley,  Cal. 

Teets,  Jojin  N.,  U.  S.  Naval  Aviation  Detachment,  Company  22, 
Mass.  Institute  of  Technology. 

ViSBL,  C.  E.,  Company  M,  1st  Engineers  Training  &  Replacement 
Regiment,  Washington  Barracks,  D.  C. 

Walters,  Charles  W.,  Ensign,  U.  S.  Naval  Air  Station,  St.  Trojan, 
Cherante  Inf're,  France. 

Williams,  Edward  L,  Candidate,  2d  Training  Co.,  C.  A.  C,  Fort 
Monroe,  Va. 

Williams,  P.  T.,  2d  Lieutenant,  6th  Reserve  Batt.,  R.  E. 

Webbrt,  Louis  P.,  Chemist,  U.  S.  Naval  Engineering  Experiment 
Station,  Annapolis,  Md. 

Wright,  Fred  E.,  Captain,  Ordnance  Reserve  Corps,  War  Industries 
Board. 

Yates,  A.,  Ministry  of  Munitions,  Yorkshire,  England. 
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n.  S.  ARMY  GAS  SERVICE 

By  executive  order  of  the  President,  dated  June  25,  1918,  the  investi- 
gation of  matters  relating  to  gas  warfare,  which  had  been  initiated  by 
the  Director  of  the  U.  S.  Bureau  of  Mines  early  in  1917,  and  had  been 
continuously  maintained  and  improved  since  that  time,  was  transferred 
to  the  recently  created  Division  of  Gas  Warfare  of  the  War  Department. 
On  the  occasion  of  this  transfer,  both  the  President  and  the  Secretary 
of  War  took  occasion  to  speak  most  highly  of  the  efficient  service  that 
had  been  rendered  by  the  Bureau  of  Mines. 

It  gives  us  great  pleasure  to  reproduce  here  a  letter  from  the  President 
and  from  the  Secretary  of  War,  bearing  on  this  subject  and  also  to  ap- 
pend a  brief  review  of  the  work  of  the  Bureau  of  Mines,  prepared  by  its 
Director,  Mr.  Van  H.  Manning. 


The  White  House,  Washington. 

June  26,  1918. 
My  Dear  Mr.  Manning: 

I  have  had  before  me  for  some  days  the  question  presented  by  the  Secretary  of 
War  involving  the  transfer  of  the  chemical  section  established  by  you  at  the  Amencan 
University  from  the  Bureau  of  Mines  to  the  newly  organized  Division  of  Gas  Warfare 
in  which  the  War  Department  is  now  concentrating  all  the  various  facilities  for  offen- 
sive and  defensive  gas  operations.  I  am  satisfied  that  a  more  efficient  organization 
can  be  effected  by  having  these  various  activities  under  one  direction  and  control,  and 
my  hesitation  about  actmg  in  the  matter  has  grown  only  out  of  a  reluctance  to  take 
away  from  the  Bureau  of  Mines  a  piece  of  work  which  thus  far  it  has  so  effectively 
performed.  The  Secretary  of  War  has  assured  me  of  his  own  recognition  of  the  splen- 
did work  you  have  been  able  to  do,  and  I  am  taking  the  liberty  of  enclosing  a  letter 
which  I  have  received  from  him,  in  order  that  you  may  see  how  fully  the  War  Depart- 
ment recognizes  the  value  of  the  services. 

I  am  to-day  signing  the  order  directing  the  transfer.  I  want,  however,  to  express 
to  you  my  own  appreciation  of  the  fine  and  helpful  piece  of  work  which  you  have  done, 
and  to  say  that  this  sort  of  team  work  b^r  the  bureaus  outside  of  the  direct  war-making 
agency  is  one  of  the  cheering  and  gratifying  evidences  of  the  way  our  official  forces  are 
inspired  by  the  presence  of  a  great  national  ta^. 

Cordially  yours, 
Dr.  Van.  H.  Manning,  Woodrow  Wilson. 

Chief,  Bureau  of  Mines, 
Department  of  the  Interior. 

War  Department,  Washington,  June  25,  1918. 
My  Dear  Mr.  President: 

In  connection  with  the  proposed  transfer  of  the  chemical  section  at  American 
University  from  the  Bureau  of  Mines  to  the  newly  constituted  and  consolidated  Gas 
Service  of  the  War  Department,  which  you  are  considering^  I  am  specially  concerned 
to  have  you  know  how  much  the  War  Department  appreciates  the  splendid  services 
which  have  been  rendered  to  the  country  and  to  the  Army  by  the  Department  of  the 
Interior,  and  especially  by  the  Bureau  of  Mines  under  the  direction  of  Dr.  ManniriK. 
In  the  early  days  of  preparation  and  organization.  Dr.  Manning's  contact  with 
scientific  men  throughout  the  country  was  indispensably  valuable.  He  was  able  to 
summon  from  the  universities  and  the  technical  laboratories  of  the  country  men  of  the 
highest  quality  and  to  inspire  them  with  enthusiastic  zeal  in  attacking  new  and  diffi- 
cult problems  which  had  to  be  solved  with  the  utmost  speed.  I  do  not  see  how  the 
work  could  have  been  better  done  than  he  did  it,  and  the  present  suggestion  that  the 
section  now  pass  under  the  direction  and  control  of  the  War  Department  grows  out  of 
the  fact  that  the  whole  subject  of  gas  warfare  has  assumed  a  fresh  pressure  and  inten- 
sity, and  the  director  of  it  must  have  the  widest  control  so  as  to  be  able  to  use  the 
resources  at  his  command  in  the  most  effective  way  possible.  The  proposal  does  not 
involve  the  disruption  of  the  fine  group  of  scientific  men  Dr.  Manning  has  brought 
together,  but  merely  their  transfer  to  General  Sibert's  direction. 

Respectfully  yours, 

Newton  D.  Baker. 
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Development  of  Gas  Warfare  Work  by  the  Bureau  of  Mines 

The  Bureau  of  Mines,  in  its  work  on  mining  problems,  has  made  a 
study  of  poisonous  and  explosive  gases,  the  use  of  rescue  apparatus  and 
masks  of  various  kinds  for  entering  and  exploring  noxious  atmospheres, 
methods  of  treatment  of  gas  cases,  and  other  matters  pertaining  to  these 
problems.  This  work  has  extended  over  a  period  of  about  10  years. 
Many  publications  have  been  issued  by  the  Bureau  on  these  subjects  and 
many  practical  results  have  been  obtained. 

Early  in  February,  1917,  when  war  between  the  United  States  and 
the  Central  Powers  seemed  inevitable,  the  Bureau  of  Mines  called  the 
attention  of  the  War  Department  to  the  already  existing  technical  or- 
^nization  in  the  Bureau,  for  the  study  of  poisonous  gases  in  mines,  gas 
masks,  etc.,  and  offered  the  facilities  of  the  Bureau  to  the  War  Depart- 
ment for  this  work.  A  meeting  was  arranged  between  representatives 
of  the  Bureau  and  the  War  College.  At  this  conference  the  War  Depart- 
ment enthusiastically  accepted  the  offer  of  the  Bureau  of  Mines  and 
agreed  to  support  the  work  in  every  way  possible. 

The  Director  of  the  Bureau  of  Mines  immediately  directed  investi- 
gations on  these  war  problems,  and  until  July  1,  1917,  carried  the  work 
along  with  funds  of  the  Bureau.  The  first  work  was  done  on  the  devel- 
opment of  gas  masks.  On  July  1,  1917,  the  staff  consisted  of  50  paid 
investigators  and  the  work  had  expanded  from  gas  mask  research  to  the 
study  of  poison  gases  and  chemical  warfare  appliances  for  offense  purposes. 
In  order  to  enlist  the  cooperation  of  the  universities  and  research  in- 
stitutions in  the  United  States,  personal  visits  were  made  to  practically 
all  of  the  important  ones.  The  response  was  most  gratifying.  Up  to 
the  present  time  some  extremely  important  work  has  come  out  of  these 
universities  and  institutions. 

On  April  6,  1917,  the  following  committee  on  gases  used  in  warfare 
was  formed  by  the  National  Research  Council  for  the  purpose  of  co- 
operating with  the  Bureau  of  Mines  in  connection  with  this  work: 

Van  H.  Manning,  Chairman Director,  U.  S.  Bureau  of  Mines. 

Geoboe  E.  Hale  (Ex-Officio) Director,  Mt.  Wilsoa  Solar  Observatory, 

National  Research  Council 
I^.-CJoL.  R.  A.  MiLLiKAN  (Ex-Officio) Science  and    Research   Division,   Signal 

National  Research  Council  Corps. 

Cabl  L.  Alsberq Chief,  Bureau  of  Chemistry,  U.  S.  Depart- 
ment of  Agriculture. 

MjU.  Eahl  J.  Atkisson Corps  of  Engineers,  U.  S.  A. 

It.-Col.  Marston  T.  Bogert Chemical  Service,  N.  A. 

I^.-CoL.  Bradley  Dbwby Gas  Defense   Service,  Surgeon  General's 

Office. 
A.  H.  Marks Director,   Gas  Service,  U.  S.  A. 

IjEtrr.  Joseph  R.  Phelps P.  A.  Surgeon,   Bureau  of  Medicine,  and 

Surgery,  U.  S.  N. 

It.  Col.  Earl  J.  W.  Ragsdale Bureau  of  Ordnance,  U.  S.  A. 

Liixrr.  T.  W.  Wilkinson Bureau  of  Ordnance,  U.  S.  N. 

This  committee  has  worked  in  hearty  cooperation  with  the  Bureau 
of  Mines. 

Until  Augusti  1917,  the  Bureau  of  Mines  also  supervised  the  construc- 
tion of  gas  masks. 
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'  On  Nov.  7,  1917,  Secretary  Lane  appointed  the  following  Advisory 
Board  to  the  Director  of  the  Bureau  of  Mines  on  war  problems, 

Dr.  Wm.  H.  Nichols  Prof.  H.  P.  Talbot 

Prof.  E.  C.  Franklin  Dr.  F.  P.  Vbnablb  ' 

Dr.  C.  L.  Parsons  Dr.  Ira  Remsen 

Mr.  Wm.  Hoskins  Prof.  T.  W.  Richards 

Since  that  date  the  Board  acted  in  an  advisory  capacity  to  the  Di- 
rector on  the  gas  work,  both  as  individuals  and  as  a  body.  The  Board 
first  met  on  Dec.  17,  1917,  and  visited  the  laboratories  and  consulted 
with  the  research  staff.  They  were  also  given  a  demonstration  of  the 
work  in  progress  and  full  reports  were  made  to  the  Board  by  all  section 
chiefs.  A  second  meeting  was  held  May  15  and  16,  1918,  when  the  work 
was  again  reviewed. 

It  was  finally  decided  that  the  Bureau  of  Mines  would  remain  as  a 
research  organization,  making  recommendations  to  the  Army  and  Navy 
regarding  the  kinds  of  masks  and  nature  of  gases  to  be  used,  together 
with  their  method  of  manufacture,  and  that  the  construction  of  the  mask 
proper  should  be  transferred  to  the  Surgeon-GeneraPs  OflSice  of  the  Arnay. 
The  organization  working  for  the  Bureau  of  Mines  was  turned  over  to 
this  department  of  the  Army  and  formed  the  nucleus  of  the  present  huge 
organization  working  on  the  construction  of  gas  masks  and  other  appli- 
ances for  gas  defense. 

On  Sept.  15,  1917,  many  of  the  experimenters  working  for  the  Bureau 
of  Mines  on  war  gas  problems  moved  into  the  present  headquarters  of 
the  organization  at  the  American  University,  on  the  outskirts  of  Washing- 
ton. The  University  authorities  turned  over  the  use  of  two  large  build- 
ings at  this  place,  rent  free,  but  with  the  proviso  that  some  of  the  altera- 
tions and  additions,  necessary  for  the  proper  conduct  of  the  work,  would 
be  permanent  and  become  the  property  of  the  University  after  the  war 
was  over.  The  lease  of  the  buildings  and  grounds  of  the  University  ex- 
tends to  a  period  two  years  from  July  1,  1917,  or  during  the  war  if  it 
should  extend  beyond  the  two-year  period. 

In  December,  1917,  a  chemical  corps  was  established  in  the  National 
Army  and  a  part  of  the  unit  was  sent  to  France.  This  unit  is  composed 
largely  of  men  trained  in  the  Bureau  of  Mines'  organization.  In  Decem- 
ber, also,  a  staff  of  chemical  engineers,  working  for  the  research  organiza- 
tion of  the  Bureau  of  Mines,  developing  processes  for  manufacturing 
gases,  was  transferred  to  the  Bureau  of  Ordnance  of  the  War  Depart- 
ment and  formed  the  nucleus  of  the  present  organization  building 
huge  plants  for  the  manufacture  of  poison  gases.  Another  organization, 
which  had  its  inception  under  the  Bureau  of  Mines,  and  has  for  its  head 
a  man  who  worked  for  the  Bureau  and  received  his  training  on  noxious 
gas  methods,  is  the  proving  ground  unit  of  the  War  Department,  estab- 
lished at  Gunpowder  Neck,  for  actually  trying  out  gases  on  an  artillery 
scale  after  they  have  been  studied  by  the  research  organization. 

The  personnel  of  the  research  organization  also  included  a  group 
working  on  chemical  warfare  devices.  These  substances  include  aero- 
plane gas  bombs,  signal  lights,  smoke  screens  to  screen  merchant  ships 
from  enemy  submarines,  gas  shells,  incendiary  shells,  gas  bombs,  trench 
projectors  for  firing  gas  bombs,  flaming  guns,  etc.,  and  important  recom- 
mendations have  gone  from  the  research  organization  covering  such  mate- 
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rials  which  have  been  adopted  by  departments  of  the  Army  and  Navy 
interested  and  put  into  production. 

By  reason  of  the  work  of  the  Bureau  of  Mines  in  inaugurating 
the  gas  warfare  program  with  the  hearty  support  of  the  Army  and  Navy 
Departments,  the  National  Research  Council,  state,  educational,  and 
private  institutions,  we  are  undoubtedly  months  ahead  of  where  we  would 
otherwise  have  been;  our  soldiers  have  gas  masks,  and  will  have  gases 
with  which  to  combat  the  Germans.  Further,  the  developments  in 
gas  mask  manufacture  by  the  Surgeon  General's  Office  of  the  Army,  in 
gas  manufacture  and  gas  proving  ground  tests  by  the  Bureau  of  Ord- 
nance, and  in  the  chemical  warfare  program  of  the  Navy,  including  the 
use  of  smoke  screens,  shells,  toxic  gases,  etc.,  are  the  results  from  this 
experimental  work. 

The  scientific  achievements  of  the  Bureau  of  Mines  have  been  many, 
but  the  results  cannot  be  given  at  this  time  for  reasons  that  are  obvious. 
It  is  sufficient  to  say  that  due  to  the  energy  of  the  research  organization 
of  the  Bureau  of  Mines,  the  large-scale  production  of  toxic  gases  is  far 
ahead  of  the  supply  of  shells. 

The  Advisory  Chemical  Board  said  of  the  work  being  done  by  the 
Bureau  of  Mines:  ''The  efficiency,  success,  fine  spirit,  and  enthusiasm 
under  the  leadership  of  the  Bureau  of  Mines  is  a  matter  upon  which  we^ 
wish  to  congratulate  the  Bureau,  as  well  as  upon  the  splendid  group  of 
unselfish,  self-sacrificing  men  who  carried  on  this  arduous  and  dangerous 
work." 

At  that  time,  before  the  transfer  of  the  work,  the  Chemical  Board 
added:  "The  organization  is  complex  and  delicate  but  well  articulated 
and  working  with  an  efficiency  and  enthusiasm  which  has  impressed  us 
greatly." 

Great  credit  should  go  to  the  scientific  men  of  the  country  who  re- 
sponded so  willingly  and  so  generously  to  the  call  for  assistance  in  the 
very  early  days  of  the  war.  They  made  possible  the  creation  of  perhaps 
a  unique  and  very  complete  organization  which  has  already  accomplished 
wonderful  things  in  behalf  of  the  War  Department.  The  organization 
now  includes  more  than  1800  chemists  and,  of  course,  among  them  the 
leading  chemists  of  the  United  States.  The  gas  warfare  work  is  one  of 
the  few  undertakings  that  has  not  met  with  the  criticism  of  delay.  The 
Bureau  of  Mines,  through  its  knowledge  of  gases  in  mines  and  rescue 
work  had  a  small  nucleus  of  experts  who  went  right  after  this  work  from 
the  very  start  and  at  a  time  when  the  War  Department  was  almost  over- 
whelmed with  other  important  problems.  The  Bureau  of  Mines  takes 
a  little  credit  because  its  own  engineers  and  chemists  were  ready  and  went 
ahead  with  important  work,  using  its  own  funds  until  such  time  as  the 
Army  and  Navy  Departments  were  able  to  come  to  its  rescue.  For  this 
reason,  the  work  is  far  in  advance  of  what  it  would  have  been  otherwise. 

Van  H.  Manning,  Director. 
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AMERICAN  SHIPS 

The  following  letter  has  been  received  from  the  Chairman  of  the 
United  States  Shipping  Board. 

August  1,  1918. 
American  Institute  of  Mining.  Engineers, 

New  York,  N.  Y. 
Gentlemen: 

I  am  going  to  call  upon  your  organization  for  some  teamwork. 

The  time  has  come  for  Americans  everywhere  to  put  themselves  solidly  behind 
American  ships. 

Our  railroads  must  no  longer  stop  at  the  ocean.  We  are  building  an  American 
merchant  fleet  of  twenty-five  million  tons — ^three  thousand  ships.  We  are  backing 
modern  ships  with  modem  port  facilities,  establishing  our  bunkering  stations  all  over 
the  globe  and  will  operate  with  American  railrpad  efficiency.  We  wul  carry  American 
cargoes  at  rates  corresponding  to  our  railroad  rates — the  cheapest  in  the  world.  Fast 
American  passenger-and-cargo  liners  will  run  regularly  to  every  port  in  Latin  America, 
the  Orient,  Africa,  Australia. 

Are  vou  taking  steps  to  use  these  ships  to  increase  your  own  prosperity?  Do  you 
realize  that  American  products  of  factory,  farm  and  mine  can  be  delivered  to  customers 
in  foreign  countries  on  terms  which  will  build  lasting  trade? 

Do  you  realize  the  possibilities  for  bringing  back  raw  materials  to  extend  your  prod- 
ucts and  trade? 

We  must  all  take  off  our  coats  and  work  to  bring  these  American  ships  home  to 
the  people  of  every  American  interest  and  community.  The  manufacturer  must  think 
of  customers  in  Latin  America  as  being  as  accessible  as  those  in  the  next  state.  The 
farmer  must  visualize  ships  carrying  his  wheat,  cotton,  breeding  animals^  dairy 
products  and  fruit  to  new  world  markets.  The  American  boy  must  think  of  ships  and 
foreign  countries  when  he  chooses  a  calling. 

Has  your  organization  appointed  a  live  committee  on  Merchant  Marine? 

Is  the  Chairman  of  this  committee  a  man  of  international  vision? 

Are  you  apptying  the  new  world  vision  to  the  interests  represented  in  your  organi- 
zation and  learning  what  ships  can  do  toward  widening  your  markets? 

These  are  Your  ships.  It  is  your  duty  to  bring  them  close,  regard  them  as  new 
railroads,  spread  knowledge  about  them  through  investigation,  meetings,  discussion. 

Public  neglect  ruined  our  old  mercantile  marine.  Congress  was  not  to  blame — 
it  simply  reflected  the  indifference  toward  ships  of  the  average  American.  Once 
more  we  have  a  real  American  merchant  fleet  under  way,  backed  oy  far  reaching  poli- 
cies for  efficient  operation.  We  must  dispel  indifference  and  keep  our  flag  on  the 
trade  routes  of  the  world.  We  are  going  to  take  trade  from  no  other  nation.  But 
we  must  serve  our  own  customers  and  help  other  nations  in  their  ocean  transportation 
problems  after  the  war. 

I  want  to  hear  personally  from  your  organization.  These  are  precious  days  of 
opportunity.  The  nation  is  united  for  teamwork  and  service.  Let  us  "Wake  Up, 
America!" — which  means  waking  up  ourselves.  I  expect  vou  to  write  me  outlining 
your  views  and  making  any  suggestions  that  you  think  will  be  helpful  in  our  work. 

With  personal  good  wishes,  I  am 
Yours  very  sincerely, 

Edward  N.  Hurley,  Chairman. 


SAVINGS  vs.  SAVAGERY 

By  Rudyard  Kipling 

Through  the  courtesy  of  the  British  Museum  of  Natural  History 
we  have  received  a  copy  of  an  address  delivered  by  Rudyard  Kipling 
at  Folkestone,  Feb.  15,  1918.  We  take  pleasure  in  reproducing  it  in 
full,  because  its  sentiments  are  just  as  appropriate  here  and  now  as  they 
ever  were. 

If  you  will  allow  me,  I  will  tell  you  a  story.  Once  upon  a  time,  a  hundred  years 
ago,  there  was  a  large  and  highly  organised  community  in  India  who  lived  by  assass- 
ination and  robbery.     They  were  educated  to  it  from  their  infancy;  they  followed  it 
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as  a  profession,  and  it  was  also  their  religion.  They  were  called  Thugs.  Their 
method  was  to  disguise  themselves  as  pilgrims,  or  travellers,  or  merchants,  and 
to  join  with  parties  of  pilgrims,  travellers,  and  merchants  moving  about  India.  They 
l^ot  into  the  confidence  of  their  victims,  found  out  what  they  had  on  them,  and 
in  due  time — after  weeks  or  months  of  acquaintance — ^they  killed  them  by  giving 
them  poisoned  foods — sweetmeats  for  choice — or  by  strangling  them  from  be- 
hind as  they  sat  over  the  fire  of  an  evening,  with  a  knotted  towel  or  a  specially  pre- 
pared piece  of  rope.  They  then  stripped  tne  corpse  of  all  valuables,  threw  it  down 
a  well  or  buried  it,  and  went  on  to  the  next  job. 

At  last  things  ^ot  so  bad  that  the  Government  of  India  had  to  interfere.  Like 
all  Governments,  it  created  a  Department — the  Department  of  Thuggee — ^to  deal 
with  the  situation.  Unlike  most  Departments,  this  Department  worked  well,  and 
after  many  years  of  tracking  down  and  hanging  up  the  actual  murderers,  and  im- 
prisoning their  spies  and  confederates,  who  incluaed  all  ranks  of  society,  it  put 
an  end  to  the  whole  business  of  Thuggee. 

The  world  has  progressed  since  that  day.  By  present  standards  of  crime  those 
Thugs  were  ineffective  amateurs.  They  did  not  mutilate  or  defile  the  bodies  of 
the  dead;  they  did  not  torture,  or  rape,  or  enslave  people;  they  did  not  kill  children 
for  fun,  and  they  did  not  bum  villages.  They  merely  killed  and  robbed  in  an  un- 
obtrusive way  as  a  matter  of  education,  duty,  and  religion,  under  the  patronage  of 
their  goddess,  Kali  the  Destroyer.    Very  good. 

German  International  Thuggee 

■ 

At  the  present  moment  all  the  Powers  of  the  world  that  have  not  been  bullied  or 
bribed  to  Keep  out  of  it  have  hekn  forced  to  join  in  one  International  Department 
to  make  an  end  of  German  international  Thuggee,  for  the  reason  that  if  it  is  not 
ended  life  on  this  planet  becomes  insupportable  for  human  beings.  Even  now 
there  are  people  in  England  who  find  it  hard  to  realise  that  the  Hun  has  been  edu- 
cated by  the  State  from  his  birth  to  look  upon  assassination  and  robbery,  em- 
bellished with  every  treachery  and  abomination  that  the  mind  of  man  can  labour- 
iously  think  out,  as  a  perfectly  legitimate  means  to  the  national  ends  of  his  country. 
He  is  not  shocked  by  these  Uiings.  He  has  been  taught  that  it  is  his  business  to  per- 
form them,  his  duty  to  support  them,  and  his  religion  to  justify  them.  They  are, 
and  for  a  long  time  past  tney  have  been,  as  legitimate  in  his  eyes  as  the  ballot  in 
0UI8.    This,  remember,  was  as  true  of  the  German  in  1914  as  it  is  now. 

People  who  have  been  brought  up  to  make  organised  evil  in  every  form  their 
supreme  good,  because  they  believe  that  evil  will  pay  them,  are  not  going  to  change 
their  belief  till  it  is  proved  that  evil  does  not  pay.  So  far,  the  Hun  believes  that 
evil  has  paid  him  in  the  past,  and  will  pay  him  better  in  the  future.  He  has  had  a 
good  start.  like  the  Thug,  the  Hun  knew  exactly  what  he  meant  to  do  before  he 
opened  his  campaign  against  mankind.  As  we  have  proof  now,  his  poisoned  sweet- 
meats and  knotted  towels  were  prepared  years  beforehand,  and  his  spies  had  given 
him  the  fullest  information  about  all  the  people  he  intended  to  attack.  So  he  is 
doing  what  is  right  in  his  own  eyes.  He  thought  out  the  hell  he  wished  to  create; 
he  built  it  up  seriously  and  scientifically  with  his  best  hands  and  brains;  he  breathed 
into  it  his  own  spirit  that  it  might  grow  with  his  needs :  and  at  the  hour  that  he  judged 
best  he  let  it  loose  on  a  world  that  tUl  then  had  believea  there  were  limits  beyond  which 
men  bom  of  women  dared  not  sin. 

When  the  Veil  is  Lifted 

Nine-tenths  of  the  atrocities  Germany  has  committed  have  not  been  made  public. 
I  think  this  a  mistake.  But  one  gets  hints  of  them  here  and  there — Folkestone  has 
had  more  than  a  hint.  For  instance,  we  were  told  the  other  dav  that  more  than  14,000 
English  non-combatants — men.  women,  and  children — had  been  drowned,  burned, 
or  blown  to  pieces  since  the  war  began,  but  we  have  no  conception — and  till  the  veil  is 
lifted  after  the  war  we  shall  have  no  conception — of  the  range  and  system  of  these 
atrocities.  Least  of  all  shall  we  realise,  as  thev  realise  in  Belgium  and  occupied 
France  just  across  the  water,  the  cold  organised  miseries  which  Germany  has  laid 
upon  the  populations  that  have  fallen  into  her  hands,  that  she  might  break  their 
bodies  and  defile  their  souls.  That  is  part  of  the  German  creed.  What  understanding 
is  possible  with  a  breed  that  has  worked  for  and  brought  about  these  things?  And 
80  long  as  the  Germans  are  left  with  any  excuse  for  thinking  that  such  things  pay, 
can  any  peace  be  made  with  them  in  which  men  can  trust?    None.    For  it  is  the 
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peculiar  essence  of  German  kultur,  which  is  the  German  religion,  that  it  is  Germany's 
moral  duty  to  break  every  tie,  every  restriction,  that  binds  man  to  fellow-man,  if  she 
thinks  it  will  pay.  Therefore  all  mankind  is  against  her.  Therefore  all  mankind 
must  be  against  her  till  she  leams  that  no  race  can  make  its  way  or  break  its  way 
outside  the  borders  of  humanity. 

"A  HeU  Without  Hope»» 

The  more  we  have  suffered  in  this  war  the  more  clearly  do  we  see  this  necessity. 
Our  hearts,  our  reason,  every  instinct  in  us  that  lifts  us  above  the  mere  brute,  shows 
us  that  the  war  must  go  on.  Otherwise  earth  becomes  a  hell  without  hope.  The 
men,  the  ships,  the  munitions  must  go  forward  to  the  war,  and  behind  them  must 
come  the  money,  without  which  nothing  can  move.  Where  our  hearts  are  there  must 
our  treasure  be  also. 

There  has  been  a  great  deal  of  money  spent  in  England  lately,  several  millions 
a  day  for  the  last  twelve  hundred  days.  Tliat  means  that  many  people  have  had 
the  chance  of  earning  more  money — in  some  cases  very  much  more  money — ^than 
they  could  have  earned  in  peace  time.  But  all  the  money  in  the  world  is  no  use 
to  a  man  or  his  country  if  he  spends  it  as  fast  as  he  gets  it.  All  he  has  left  is  his 
bills  and  the  reputation  of  being  a  fool,  which  he  can  get  much  more  cheaply  in 
other  ways.  There's  nothing  fine  or  funny  in  throwing  away  cash  on  things  you  don't 
want  merely  because  the  cash  is  there.  We've  all  done  it  in  our  time  and  we've  all 
had  to  pay  for  it.  The  man  who  says  he  never  worries  about  money  is  the  man  who 
has  to  worry  about  it  most  in  the  long  run,  and  goodness  knows  there's  enough  worry 
in  the  world  already  without  our  going  out  of  our  way  to  add  to  it.  Just  now  we  all 
have  the  opportunity  of  protecting  ourselves  against  private  and  public  anxieties  by 
investing  as  much  as  ever  we  can  in  War  Loans. 

"Money  Sits  Up  All  Through  the  Year" 

Money  is  a  curious  article.  Have  you  ever  thought  that  invested  money  is  the 
only  thing  in  the  world,  outside  the  Army,  the  Navy,  and  the  Mercantile  Marine, 
that  will  work  for  you  while  you  sleep? .  Everything  else  knocks  off,  or  goes  to  bed, 
or  takes  a  holiday  at  intervals,  but  our  money  sits  up  all  through  the  year,  work- 
ing to  fetch  in  the  5  per  cent,  interest  that  the  Government  gives  on  every  pound  it 
borrows  from  us.  I  am  not  a  financier.  But  I  do  know  that  much,  and  I  do  know 
that  a  man  who  has  an  income,  however  small,  from  money  he  has  saved,  is  free  of 
worry  and  anxiety  for  himself,  his  wife,  and  his  children,  up  to  the  extent  of  that 
income.  It  gives  him  self-respect,  a  more  even  temper,  a  reason  for  looking  at  the 
future  with  calm  and  confidence.  A  man  who  has  wasted  or  muddled  all  his  pay  at 
the  end  of  the  week  is  the  servant  of  the  whole  world  for  his  next  week's  pay.  The 
man  who  has  his  bit  in  hand  is  independent  of  the  world  as  far  as  that  bit  goes,  and 
that  knowledge  at  the  back  of  one's  head  must  make  life  a  different  affair  to  every 
thinking  man  or  woman. 

Savings  represent  much  more  than  their  mere  money  value.  They  are  proof  that 
the  saver  is  worth  something  in  himself.  Any  fool  can  waste,  any  fool  can  muddle; 
but  it  takes  something  of  a  man  to  save,  and  the  more  he  saves  the  more  of  a  man 
does  it  make  him.  Waste  and  extravagance  unsettle  a  man's  mind  for  every  crisis; 
thrift,  which  means  some  form  of  self-restraint  and  continence,  steadies  it.  And  we 
need  steady  minds  just  now. 

Remember,  too,  that  everything  we  waste  in  the  way  of  manufactured  goods, 
from  a  match  upward,  as  well  as  everything  we  buy  that  isn't  absolutely  neces- 
sary to  get  on  with,  means  diverting  some  man  or  woman's  time  and  energy  from 
doing  work  connected  with  the  war.  And  war  work,  which  means  supplies,  food, 
munitions,  ships,  is  the  only  thing  that  is  of  the  least  importance  now.  Everything 
outside  that  necessity  is  danger  and  waste. 

So  you  see  we  are  all  in  a  splendid  position  to  invest.  Not  only  is  there  more 
money  going  about  and  fewer  things  to  buy  with  it,  but  it  is  also  wrong  to  spend 
money  on  what  there  is  available.  The  road  has  been  cleared  of  all  obstacles  to 
saving.  The  interest  on  what  we  save  helps  to  make  us  personally  independent; 
the  money  we  lend  to  the  Government  helps  to  set  our  land  and  our  world  free. 
Our  security  for  our  loan  is  not  only  the  whole  of  the  British  Empire,  but  also  the 
whole  of  civilisation,  which  has  pooled  its  resources  in  men,  money,  and  material  to 
carry  on  this  war  to  victory.  Nothing  else  under  heaven  matters  to-day  except  that 
the  war  should  go  on  to  that  end. 
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The  Personal  War  Aim 

From  time  to  time  the  representatives  of  the  Allies  meet  together  and  lay  down 
what  the  war  aims  of  the  Allies  are.  From  time  to  time  our  statesmen  repeat  them. 
They  aU  agree  we  are  fighting  for  freedom  and  liberty,  for  the  right  of  small  States  to 
exist,  and  for  nations  to  decide  for  themselves  how  they  are  to  be  governed.  All 
this  we  understand  and  perfectly  believe.  That  is  the  large  view  of  the  situation. 
What  is  the  personal  aspect  of  the  case  for  you  and  me?  We  are  fighting  for  our 
lives,  the  lives  of  every  man,  woman,  and  child,  here  and  everywhere  else.  We  are 
fighting  that  we  may  not  be  herded  into  actual  slavery  such  as  the  Germans  have 
^tablished  by  force  of  their  arms  in  large  parts  of  Europe.  We  are  fighting  against 
eighteen  hours  a  day  forced  labour  under  the  lash  or  at  the  point  of  the  oayonet, 
with  a  dog's  death  and  a  dog's  burial  at  the  end  of  it.  We  are  fighting  that  men, 
women,  and  children  may  not  be  tortured,  burned,  and  mutilated  in  the  public  streets, 
88  has  happened  in  this  town,  and  in  hundreds  of  others.  And  we  will  go  on  fighting 
till  the  race  that  has  done  these  things  is  in  no  position  to  continue  or  repeat  the 
offence. 

If  for  any  reason  whatever  we  fall  short  of  victory — and  there  is  no  half-way  house 
between  victory  and  defeat — what  happens  to  us?  This.  Every  relation,  every  un- 
derstanding, every  decency  upon  which  civilisation  has  been  so  anxiously  built  up 
will  go — ^will  be  washed  out,  because  it  will  have  been  proved  unable  to  endure. 
The  whole  idea  of  Democracy — ^which  at  bottom  is  what  the  Hun  fights  against — 
will  be  dismissed  from  men's  minds,  because  it  will  have  been  shown  incapable 
of  maintaining  itself  against  the  Hun.  It  will  die;  and  it  will  die  discreditea,  to- 
gether with  every  belief  and  practice  that  is  based  on  it.  The  Hun  ideal,  the  Hun 
rootr-notions  of  life,  will  take  its  place  throughout  the  world. 


If  We  Fail 


Under  that  dispensation  man  will  become  once  more  the  natural  prey,  body 
and  goods,  of  his  better-armed  neighbour.  Women  will  be  the  mere  instrument  for 
continuing  the  breed:  the  vBssel  of  man's  lust  and  man's  cruelty-  and  labour  will 
become  a  thing  to  be  knocked  on  the  head  if  it  dares  to  give  trouble,  and  worked  to 
death  if  it  does  not.  And  from  this  order  of  life  there  will  be  no  appeal,  no  possi- 
bility of  any  escape. 

This  is  what  the  Hun  means  when  he  says  he  intends  to  impose  German  kultur 
—which  is  the  German  religion — ^upon  the  world.  This  is  precisely  what  the  w^orld 
has  banded  itself  together  to  resist.  It  will  take  every  ounce  in  us;  it  will  try  us  out 
to  the  naked  soul.  Our  trial  will  not  be  made  less  oy  the  earnest  advice  and  sug- 
gestions that  we  should  accept  some  sort  of  compromise,  which  means  defeat,  put 
forward  by  Hun  agents  and  confederates  among  us.  They  are  busy  in  that  direction 
already.  But  be  sure  of  this:  Nothing — nothmg  we  may  have  to  endure  now  will 
weigh  one  featherweight  compared  with  what  we  shall  most  certainly  have  to  suffer 
if  for  any  cause  we  fail  of  victory. 


DR.  DOUGLAS'  MUNIFICENT  BEQUEST  TO  THE  INSTITUTE 

Dr.  James  Douglas,  who  is  memorialized  on  another  page  of  this 
Bulletin,  who  held  a  place  in  the  aflFections  and  regard  of  Institute 
members  second  to  that  of  no  other  living  man,  left  in  his  will  the  sum  of 
1100,000  for  the  maintenance  of  the  Library  of  the  American  Institute 
of  Mining  Engineers.  This  is  in  addition  to  the  $100,000  which  Dr. 
Douglas  gave  during  his  lifetime.  We  believe  that  it  is  Dr.  Douglas' 
wish  that  the  library,  the  great  means  by  which  the  benefits  of  Institute 
membership  may  be  extended  to  those  distant  from  headquarters,  should 
be  maintained  by  the  Institute  at  the  highest  possible  level  of  efficiency 
and  serviceability. 
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MINING  AND  METALLURGICAL  INDEX 

With  this  issue  of  the  Bulletin,  the  Institute  puts  into  operation  a 
plan  which  it  has  long  had  under  consideration  for  enlarging  its  field  of 
usefulness  to  its  members.  We  refer  to  the  Index  to  periodical  literature 
bearing  on  mining,  metallurgy,  and  related  subjects,  which  will  be  found 
in  the  advertising  section  at  the  end  of  the  Bulletin.  The  Index  is  printed 
on  alternate  pages  so  that  anyone  who  desires  to  compile  a  card  index 
can  readily  clip  the  items  and  paste  them  onto  cards. 

By  its  affiliation  with  the  Engineering  Societies  Library,  the  Institute 
possesses  unexcelled  facilities  for  the  preparation  of  this  Index,  since 
practically  every  important  engineering  or  technical  paper  published 
anywhere  in  the  world  is  regularly  received  by  the  library.  The  items 
for  publication  in  the  Index  are  first  selected  by  the  library  stafif,  but  their 
final  approval  and  their  order  of  arrangement  remains  in  the  hands  of 
the  editor. 

A  word  should  be  said  in  explanation  of  the  system  of  classification  that 
has  been  adopted.  It  will  be  noted  that  the  classification  is  extreniely 
broad,  no  attempt  having  been  made  to  gather  the  references  into  closely 
specialized  groups.  Our  reason  for  breaking  away  from  the  modern 
tendency  toward  minute  specialization  is  based  upon  the  fact  that  the 
fundamental  principles  underlying  all  engineering  are  not  by  any  means 
so  diversified  as  has  commonly  been  supposed.  For  example,  it  is  not 
at  all  unlikely  that  an  engineer  engaged  in  large-scale  ore  mining  in  the 
Southwest  can  profit  by  observing  the  methods  employed  by  his  colleagues 
in  the  Pennsylvania  coal  mines.  It  is  notorious  also  how  extensively  the 
brotherhood  of  chemical  engineers  has  profited  by  the  earlier  experiences 
of  the  ore-dressing  and  metallurgical  engineers.  If  the  Index  were  min- 
utely sub-divided,  it  would  always  be  possible  that  the  coal-mining 
engineer,  for  example,  might  fail  to  observe  a  most  important  paper  be- 
cause it  happened  to  be  listed  under  the  head  of  iron  mining.  For  this 
reason,  mining  practice  in  general  is  consolidated  under  one  head.  The 
same  line  of  reasoning  applies  to  other  divisions  as  well. 

In  order  to  make  the  Index  of  practical  value  to  all  members  of  the 
Institute,  wherever  they  may  be  situated,  the  Ubrary  will  undertake  to 
supply,  for  a  nominal  charge,  an  abstract,  a  translation,  a  typewritten 
copy,  a  photostat  copy,  or  the  original  of  any  article  in  the  Index.  Re- 
quests for  service  of  this  character  should  be  addressed  directly  to  the 
Engineering  Societies  Library,  29  West  39th  St.,  New  York. 

Members  are  urged  to  cooperate  toward  the  success  of  this  new  de- 
parture by  sending  us  suggestions.  Although  every  effort  has  been  made 
to  anticipate  the  wishes  of  the  members,  it  is  almost  impossible  to  foretell 
what  services  may  be  most  useful  to  our  7000  constituents.  Furthermore, 
it  is  known  that  some  men  prefer  one  method  of  classification  while  others 
would  find  another  method  more  convenient. 

We  ask  members  to  bear  in  mind  that  this  work  is  costly,  and  that  the 
efforts  of  the  Secretary  during  several  years  to  get  the  Index  started  have 
been  opposed  by  those  who  declared  that  it  was  beyond  the  financial 
ability  of  the  Institute  to  carry  it  through.  The  Secretary  believes  that 
the  Index  will  become  so  valuable  to  our  members  that  the  necessary 
expense  will  be  deemed  justifiable  by  the  Board  of  Directors,  and  he  hopes 
that  the  plan  may  be  expanded  to  still  greater  usefulness  to  the  members 
distant  from  headquarters,  as  soon  as  we  have  had  an  opportunity  to 
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prove  its  value.  Numerous  bibliographies,  indexes,  and  systems  of  ab- 
stract have  been  attempted  in  the  past,  but  few  have  survived,  the  chief 
cause  of  failure  having  been  financial.  Do  the  engineers  desire  services 
of  this  kind  enough  to  justify  the  Institute  in  continuing  the  Work? 

As  we  go  to  press,  the  Editors  already  have  in  mind  certain  changes 
in  the  style  of  presentation,  aiming  to  facilitate  reference  to  the  Index, 
which  will  be  put  into  effect  in  the  next  issue. 


FOURTH  NATIONAL  EXPOSITION  OF  CHEMICAL  INDUSTRIES 

Present  indications  are  that  the  Fourth  National  Exposition  of  Chem- 
ical Industries,  to  be  held  in  Grand  Central  Palace,  New  York,  Sept.  23  to 
28,  will  be  the  greatest  exhibition  of  its  kind  ever  held.  Preparations 
are  well  under  way  and  the  advisory  committee  is  working  hard  to  make 
every  department  of  the  affair  a  success. 

Men  prominent  in  the  chemical  and  allied  industries  willZspeak  on 
subjects  vital  to  present  conditions  and  needs.  Dr.  C.  H.  Herty,  and 
Dr.  G.  W.  Thompson,  President  of  the  American  Institute  of  Chemical 
Engineers,  are  to  make  opening  addresses.  F.  J.  Tone,  President  of  the 
American  Electrochemical  Society;  Dr.  W.  H.  Nichols,  President  of  the 
American  Chemical  Society,  and  several  others,  are  expected  to  make 
addresses  also.  Prof.  Joseph  W.  Richards  will  speak  on  '^Ferro-alloys 
of  silicon,  tungsten,  uranium,  vanadium,  molybdenum,  and  titanium.'' 
Theodore  Swann,  President  of  the  Southern  Manganese  Corporation 
will  speak  on  **Ferro-manganese." 

The  program  for  the  exposition  is  in  active  preparation.  There  will 
be  a  series  of  symposiums  on  the  **  Development  of  Chemical  Industries 
in  the  United  States,  notably  since  July,  1914."  Among  other  topics 
for  consideration  is  that  of  potash  development;  C.  A.  Higgins, 
of  the  Hercules  Powder  Company,  will  speak  of  the  operations  of  that  com- 
pany in  the  recovery  of  potash  from  kelp;  Linn  Bradley,  of  the  Research 
Corporation,  on  its  recovery  from  cement  dust,  and  other  sources,  by 
electrical  precipitation. 

Other  symposiums  will  be  devoted  to  chemical  engineering,  acids, 
industrial  organic  chemistry,  the  ceramic  industries,  and  the  metal  indus- 
tries.   Among  the  speakers  are: 

A.  Hough. — "Chemical  Engineering  in  Explosives:  TNT;  TNA;  Picric  Ajid;  and 
Nitrobenzol." 

E.  J.  Pranke. — "Development  of  Nitric  Acid  Manufacture." 

S.  P.  Sadtler. — "Development  of  Industrial  Organic  Chemistry." 
Geo.  H.  Tomlinson. — "Wood  as  a  Source  of  Ethyl  Alcohol." 
C.  A.  Higgins. — "Kelp  as  a  Source  of  Organic  Solvents." 
Alcan  Hirach. — "Pyrophoric  Alloys." 

The  American  Ceramic  Society,  which  will  hold  its  meeting  at  the 
Exposition  on  Thursday  afternoon,  Sept.  26,  has  already  upon  its  pro- 
gram the  following: 

A.  V.  Bleininger. — "Recent  Developments  in  the  Ceramic  Industries." 

L.  E.  Barringer. — "Manufacture  of  Electrical  Porcelain"  (illustrated  by  motion 

pictures). 
H.  Ries. — "American  Clays." 

F.  A.  Whitaker. — "Manufacture  of  Stoneware"  (illuminated). 
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Following  this  meeting  a  series  of  motion  pictures  of  the  ceramic 
industries  will  be  shown.  There  will  also  be  a  series  of  motion  pictures 
depicting  lakes,  water-falls,  and  hydroelectric  power  possibilities.  The 
development  of  some  of  these  will  be  carried  through  the  several  stages  of 
construction,  generation,  and  transmission  of  the  power,  and  its  use  in 
industrial  operations.  Films  of  several  electrochemical  operations  will 
be  shown. 

There  will  be  pictiu'es  of  many  chemical,  mining  and  related  indus- 
tries, and  the  application  of  electricity  and  electrical  equipment  to  indus- 
trial work.  There  will  be  pictures  showing  the  alkali  industries;  the 
making  of  glass,  pottery  and  stoneware;  the  oil  industries,  petroleum, 
asphalt,  fatty  oils,  soaps,  paints,  linoleum  and  oil  cloth.  There  will  be 
a  series  of  films  depicting  carelessness,  the  destruction  of  life,  wealth  and 
resources,  the  hazards  and  risks  in  industrial  plants  and  how  they  may 
be  overcome.  The  dangers  of  fire  and  explosives  will  be  demonstrated 
and  the  prevention  of  disease  by  vaccines. 


TRANSACTIONS  FOR  1918 

Volumes  57  and  58  of  the  Transactions  were  mailed  together  during 
the  third  week  of  August  to  all  members  whose  dues  for  1918  had  been 
paid  on  Aug.  1.  Any  member  whose  copies  fail  to  reach  him  within  a 
reasonable  time  is  requested  to  notify  the  Secretary. 

Volume  59  is  on  the  press,  and  will  be  ready  for  distribution  early  in 
October. 


PERSONAL 

The  following  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  July  11,  1918  to  August  11^ 
1918. 

Edson  S.  Pettis,  San  Francisco,  Cal. 
Wm.  H.  Rettie,  Yonkers,  N.  Y. 
J.  T.  Robertson,  Port  Richmond,  S.  I. 
Harry     O.     Robinson,     Margarita, 

Venezuela. 
C.  K.  Seng,  Gilbert,  Minn. 
£.  S.  Sheffield. 
H.  G.  Smith. 
Harry  M.  Spoor. 
H.  H.  Stoek,  Urbana,  111. 
Arthur  L.  Tuttie,  Copperhill,  Tenn 
Thor  Warner,  Phoenix,  Ariz. 


John  Carter  Anderson,  Tucson,  Ariz. 
Lieut.  Frank  A.  Ayer,  Tyrone,  N.  M. 
W.  R.  Canton,  McGill,  Nev. 
Alden  Crankshaw,  Palmerton,  Pa. 
John  Davenport,  W.  Norfolk,  Va. 
A,  Faison  Dickson. 
F.  A.  J'ahrenwald,  Cleveland,  O. 
L.  Hall  Goodwin,  New  York. 
W.  H.  W.  Hamilton,  Baker,  Ore. 
Floyd  D.  James,  St.  Louis,  Mo. 
George  A.  Laird. 
J.  W.  McBridc,  Spokane,  Wash. 
Arthur  Notman,  Bisbee,  Ariz. 


Christopher  G.  Atwater,  Manager  Agricultural  Dept.,  The  Barrett 
Co.,  is  in  Washington  serving  the  U.  S.  Navy  Bureau  of  Ordnance  in  con- 
nection with  the  Navy  nitrate  plant  recently  authorized  by  Congress. 

Edward  Ludlam  Blossom  announces  his  marriage  to  Mabel  Towii- 
send,  daughter  of  Mr.  and  Mrs.  George  Comings  Mills,  on  Wednesday 
July  17,  1918,  at  New  York  City. 
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Camphuis,  Rives  &  Gordon,  Inc.,  announce  the  opening  of  their  New 
York  office  at  81  New  Street,  under  the  management  of  Mr.  William 
D.  Gordon,  president  of  the  company. 

E.  J.  Carlyle  is  located,  until  further  notice,  with  the  British  America 
Nickel  Corporation,  Ltd.,  at  Sudbury,  Ontario. 

N.  H.  Darton  of  the  United  States  Geological  Survey  will  spend 
August  and  September  in  New  Mexico,  continuing  his  investigation  of 
stratigraphy  of  the  Red  Beds  especially  as  to  their  prospects  for  contain- 
ing potash  deposits. 

A.  De  Deken  is  at  present  occupying  the  position  of  chief  engineer 
with  the  Cia.  Franco-Espanola  de  Mmas,  93  Paseo  de  Gracia,  Barcelona, 
Spain. 

Emil  A.  Franke  has  resigned  his  position  with  the  Cerro  de  Pasco 
Mining  Co.  of  Peru,  S.  A.  He  is  returning  to  the  United  States  for  ser- 
vice in  the  Ordnance  Dept. 

J.  Hall  Goodwin  has  accepted  the  position  of  field  engineer  with 
Rogers,  Mayer  &  Ball,  of  42  Broadway,  New  York  City. 

G.  L.  Grosvenor  is  now  employed  by  the  Cons.  Arizona  Smelting  Co. 
at  Humboldt,  Ariz. 

Robert  M.  Keeney  announces  change  in  his  address  to  The  Iron 
Mountain  Alloy  Co.,  P.  O.  Box  186,  Denver,  Colo. 

C,  R.  Kuzell,  formerly  with  the  Anaconda  Copper  Mining  Co.  is 
asst.  supt.  of  the  United  Verde  Copper  Company's  Smelter  of  Clark- 
dale,  Ariz. 

Fredeiick  Mac  Coy  has  accepted  a  position  with  the  United  Verde 
Copper  Co.  at  Jerome,  Ariz. 

W.  G.  Miller  and  R.  W.  Brock  on  a  postcard  received  at  Institute 
Headquarters,  dated  London,  July  4,  1918,  say  "We  are  celebrating 
to-day.    Uncle  Sam  is  doing  fine." 

Redick  R,  Moore  is  now  situated  at  Monterey,  Mexico,  with  the 
American  Smelting  &  Refining  Co. 

Douglas  Muir  is  now  holding  the  position  of  superintendent  at  the 
Aztec  mines,  Baldy,  N.  M. 

Felipe  B.  Orfi  has  accepted  a  position  with  the  Ray  Consolidated  Cop- 
per Co.  at  Ray,  Ariz. 

C.  J.  Price  announces  that  he  has  temporarily  changed  his  address 
from  Topeka,  Kas.,  to  Burnet,  Tex. 

L.  B,  Pringle,  formerly  chief  chemist  and  experimental  engineer  for 
the  Bonne  Terre  Division  of  the  St.  Joseph  Lead  Co.,  Bonne  Terre,  Mo., 
is  now  office  manager  of  the  Varnish  Division  of  the  Certain-teed  Prod- 
ucts Corporation,  St.  Louis,  Mo. 

Dan  Reichel  informs  us  that  his  new  address  is  Hamburg,  California, 
care  the  Scrad  Chrome  mine. 

Donald  D.  Riddle  has  accepted  a  position  with  the  Midwest  Refining 
Co.  and  his  present  address  is  819  First  National  Bank  Bldg.,  Denver, 
Colo. 

J.  A,  Rule  writes  us  that  he  is  at  present  assistant  superintendent  for 
the  United  Verde  Extension  Smelter,  at  Verde,  Ariz. 

William  C.  Schmidt,  Jr.,  announces  his  marriage  to  Alice,  daughter  of 
Mrs.  WiUett  Miller  Tilley,  on  Monday,  July  1,  1918,  at  Sea  Cliff,  N.  Y. 

Mortimer  A.  Sears  has  removed  his  offices  from  Paintsville,  Ky. 
and  is  now  located  at  505  First  National  Bank  Bldg.,  Huntington,  W.  Va. 
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D.  R.  Semmes  has  accepted  a  position  as  geologist  with  the  Midwest 
Refining  Co.,  Denver,  Colo. 

Edward  L.  Stenger  has  resigned  from  the  United  States  Smelting, 
Refining,  and  Mining  Exploration  Co.  and  has  accepted  the  position  of 
assistant  superintendent  with  the  Mountain  Copper  Co.,  Ltd.,  Iron 
Mountain,  via  Keswick,  Shasta  Co.,  Cal. 

Thomas  A.  Stroup  has  resigned  his  position  with  the  Mineral  Products 
Corporation  and  is  now  assistant  engineer  of  the  Utah  Fuel  Co.,  at 
Clear  Creek,  Utah. 

Henry  M.  Sutton,  Walter  L.  Steele,  and  Edwin  G.  Steele  have 
resigned  from  the  Minerals  Milling  Co.,  Van  Horn,  Texas,  and  have 
opened  an  office  at  Dallas,  Texas,  under  the  firm  name  of  Sutton,  Steele 
&  Steele. 

D.  R.  Thomas  has  secured  a  temporary  position  with  the  American 
Cyanamid  Co.,  Niagara  Falls,  Ontario,  Canada. 

J.  C.  Vivian  has  severed  his  relations  with  the  Huelva  Copper  and 
Sulphur  Mines,  Limited,  in  order  to  join  the  technical  staff,  in  Spain,  of 
The  Tharsis  Sulphur  and  Copper  Co.,  Limited. 

Harold  E.  Willson,  formerly  engineer  for  the  Two  Rivers  Coal  Co. 
and  the  Mission  Mining  Co.,  of  Danville,  111.,  advises  that  he  is  now 
superintendent  for  the  Rothwell  Coal  Co.,  of  Dubree,  W.  Va. 

Herbert  Wirshing  has  recently  made  a  change  in  position  and  is  now 
with  the  Selby  Oil  &  Gas  Co.  at  Tulsa,  Okla. 

A.  Yates  is  now  with  the  Ministry  of  Munitions,  Zetland  Hotel,  Salt- 
burn-by-the-Sea,  Yorkshire,  England. 


POSITIONS  VACANT, 


High-type  research  metallurgist  with  approximately  following  qualifica- 
tions: American,  30  to  45  years  old.  Mind — ^Analytical.  Education — 
college  graduate.  Practical  shop  experience — not  less  than  5  years. 
Metallurgical  experience  in  steel  making — at  least  5  years.  Chemical 
experience — should  have  some  chemical*  training.  Research  ability 
— should  be  the  type  of  man  who  is  interested  in  new  developments 
or  research  work.     No.  337. 

Engineer  with  some  underground  experience  who  is  physically  able 
to  spend  a  large  portion  of  his  time  underground,  to  act  as  general  eflB- 
ciency  engineer.  He  will  have  cost  keeping  on  special  work,  charge  of 
contracts,  labor  distribution,  etc.     No.  338. 

The  services  of  a  man  experienced  in  flotation  and  familiar  with  the 
Callow  apparatus  are  required  for  a  short  engagement  in  South  America. 
No.  339. 

A  position  as  surveyor  and  draftsman  for  mines  in  Mexico  is  open. 
Opportunity  for  advancement.  Climate  pleasant  and  healthful.  Knowl- 
edge of  Spanish  required.     No.  340. 

The  Bureau  of  Construction  and  Repair,  Navy  Department,  Wash- 
ington, D.  C,  is  in  need  of  a  few  draftsmen  of  experience  for  work  in  con- 
nection with  the  development  of  industrial  yards  and  shops  of  the  Navy, 
under  the  cognizance  of  the  Shore  Establishment  Division  of  the  Bureau 
of  Construction  and  Repair.  Training  in  one  of  the  following  courses 
would  be  considered  a  requisite  qualification: 
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Architecture;  Architectural  engineering;  Civil  engineering;  Mechan- 
ical engineering;  Industrial  engineering. 

The  salary  attached  to  these  positions  would  be  governed  more  or 
less  by  the  qualification  of  the  applicants;  approximately  S1800  to  S2000 
a  year  is  contemplated.  The  bureau  would  be  pleased  to  receive  the 
names  and  qualifications  of  any  men  who  have  the  requisite  qualifications 
and  who  would  desire  appointment  in  Washington  in  capacities  similar 
to  that  mentioned.     No.  341. 

The  Government  requires  a  draftsman  for  plotting  cost  and  progress 
curves  and  a  mechanical  engineer  for  progress  and  cost  reports  for  a 
period  of  eight  months  or  longer.  Salary,  $175  per  month;  hours,  8:30  — 
5.-00.    No.  342. 

The  Civilian  Personnel  Section,  New  York  District  Ordnance  Oflice, 
requires  engineers  of  tests  and  metallurgists  for  the  Ordnance  labora- 
tories in  Pittsburgh.     No.  343. 

The  Department  of  the  Interior  requires  technically  tri^ined  persons 
for  the  examining  corps  of  the  Patent  Office.  Those  having  a  scientific 
education,  particularly  in  higher  mathematics,  chemistry,  physics  and 
French  or  German,  and  who  are  not  subject  to  the  draft  for  military 
service  are  desired.  Engineering  or  teaching  experience  in  addition  to 
above  is  valued.     Entrance  salary,  $1500. 

Examinations  for  the  position  of  assistant  examiner  are  held  frequently 
by  the  Civil  Service  Commission  at  many  points  in  the  U.  S.  Details  of 
the  examinations,  places  of  holding,  etc.,  may  be  had  upon  application 
to  the  Civil  Service  Commission,  Washington,  D.  C.  or  to  above 
department. 

Should  the  necessity  arise,  temporary  appointments  of  qualified 
persons  may  be  made  pending  their  taking  the  Civil  Service  examination. 
Application  for  such  appointment  should  be  made  to  J.  G.  Newton, 
Commissioner  of  Patents,  United  States  Patent  Office,  Department  of 
the  Interior,  Washington,  D.  C.     No.  344. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Member,  age  31,  technical  graduate,  8  years'  experience  in  copper 
and  nickel  mining,  desires  to  make  a  change.     No.  480. 

Member,  age  34,  married,  16  years'  experience  as  railroad  construc- 
tion engineer  and  as  superintendent  of  iron,  chrome  and  manganese 
mines.  Especially  successful  in  rush  construction  work  and  develop- 
nient  of  new  mining  properties.  No  straight  salary  proposition  will  be 
considered.     No.  481. 

Member  desires  change  of  position.  Four  years  experience  in  flota- 
tion, cyaniding,  and  mill  design  and  construction.  Married,  technical 
graduate.     No.  482. 

Member,  age  33,  married,  graduate  Columbia  School  of  Mines.  Nine 
years'  experience  as  engineer  and  mining  and  oil  geologist;  experience 
in  Mexico,  Peru  and  Siberia.     Speaks  Spanish  and  Russian.     No.  483. 
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LIBRARY 

American  Society  op  Civil  Engineers 
American  Institute  of  Electrical  Engineers 
American  Society  op  Mechanical  Engineers 
American  Institute  op  Mining  Engineers 
United  Engineering  Society 

Harrison  W.  Graver,  Director 

a 

The  library  of  the  above-named  Societies  is  open  from  9  a.m.  to  10 
P.M.  except  on  holidays.  It  contains  about  70,000  volumes  and  90,- 
000  pamphlets,  including  sets  of  technical  periodicals  and  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  hot  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Library  Accessions 

CouRS  DB  M^CANiQUE.     Vols.  1-4.     By  L.  Guillot.     Paris,  1911,  1913,  1918. 

Extracting  Nitrogen  from  the  atmosphere  at  a  power  cost  of  over  221  tons  per  day  for 
a  1000  kilo-watt  power  plant  (equivalent  to  over  5,950,000  cubic  feet  of  Nitro- 
gen gas)  or  248  cubic  feet  for  one  kilo-watt  hour.  Ed.  5.  By  J.  F.  Place. 
Glenridge,  N.  J.,  1918.     (Gift  of  author.) 

Girard  Estate.  Report  of  the  Mining  Engineer  and  Agent.  1917.  (Gift  of  Girard 
Estate.) 

Pennsylvania  Department  of  Mines.  Report.  Part  II — Bituminous  1916.  Harris- 
burg,  1917.     (Gift  of  Pennsylvania  Printing  Dept.) 

Petroleum,  Asphalt  and  Natural  Gas.  (BuUetin  No.  14,  Kansas  City  Testing 
Laboratory.)     Kansas  City,  1918.     (Gift  of  Dr.  Roy  Cross.) 

Peru.  A  series  of  topographic  and  geologic  maps,  gift  of  the  Sociedad  Geografica  de 
Lima,  as  follows: 

Departamento  de  Loreto;  Estudios  verificados  en  1906  en  la  region  central  del  Peru; 
rio  Putumayo;  rio  Napo;  no  Bajo  Maraflon;  rio  Serjali*  Mapa  del  Peru;  la 
Previncia  de  Pacasmayo;  rio  Ucauali;  Alte  Pertis  y  el  Alte  Yurtia;  ries  Pachitea  y 
Pichis;  rio  Ti^re;  Lago  Titicaca;  ries  Pastaza,  Morena  y  Tigre;  Vias  de  comunica- 
cion  entre  Paita,  Eten  y  el  Maraflon;  ciudad  del  Cuzco;  rio  Huallaga;  rio  Tambo- 
pata;  Mapa  historico  y  geografico  de  Paucartambo;  rio  Pastaza;  rio  Manu;  carte 
geologico  de  Casma  y  Chacas;  la  region  oriental  del  Peru;  rio  Ueayali;  carte 
geologic©  de  las  inmediaciones  de  Morococha;  croquis  de  los  rios  Napo  y  Putu- 
mayo; rio  Muorona:  mapa  de  la  navegacion  del  Alto  Maraflon;  croquis  del  alto 
Ueayali  y  Bajo  Urubamba;  rio  Amazonas.Peruano. 
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Red  Cboss  Institute  fob  Cripplbs  and  Disabled  Men.  Placement  technique 
in  the  employment  work  of  the  Institute.  By  Gertrude  R.  Stein.  (Publications, 
Series  I,  No.  9.) 

,  Relation  op  the  Short,  Intensive  Industrial  Survey  to  the  Problem  of 

Soldier  Re-education.    By  G.  A.  Boate.     (Publications,  Series  I,  No.  10.) 
Training  in  English  Technical  Schools  for  Disabled  Soldiers.    By 


John  C.  Faries.     (Publications,  Series  I,  No.  11.) 

,  Vocational  School  for  Disabled  Soldiers  at  Rouen,   France.    By 

J.  Breuil.     (Publications,  Series  I,  No.  II.) 

Book  Notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers^ 
The  Institute  does  not  assume  responsibility  for  any  statements  made;  these  are  taken 
from  the  preface  or  the  text  of  the  book,  unless  otherwise  noted. 

Concrete  Engineer's  Handbook.  Data  for  the  design  and  construction  of  plain 
and  reinforced  concrete  structures.  By  George  A.  Hool  and  Nathan  C.  Johnson, 
assisted  by  S.  C.  Hollister,  with  chapters  by  Harvey  Whipple,  Adelbert  P.  Mills, 
Walter  S.  Edge,  A.  G.  Hillberg,  and  Leslie  H.  Allen.  1st  edition.  N.  Y., 
McGraw-Hill  Book  Co.,  Inc.,  1918.  23  -f-  885  pp.,  illus.,  pi.,  tab.,  diag.,  9  X 
6  in.,   flexible  cloth,  $5. 

This  work  has  been  prepared  to  make  available  in  concise  form  the  best  present 
knowledge  concerning  concrete  and  reinforced  concrete,  and  to  present  complete  data 
and  details,  as  well  as  numerous  tables  and  diagrams,  for  the  design  and  construction 
of  the  principal  types  of  concrete  structures. 

Engineering  for  Masonry  Dams.  By  William  Pitcher  Creager.  1st  edition. 
N.  Y.,  John  Wiley  and  Sons,  Inc.,  1917.  11  +  237  pp.,  88  illus.,  1  pi.,  25  tab., 
9  X  6  in.,  cloth,  $2.60. 

Investigations  and  Surveys.  The  Choice  of  Type  of  Dam.  Forces  Acting  on  Dams, 
Requirements  for  Stability  of  Gravity  Dams,  General  Equations  for  Design  of 
Gravity  Dams,  The  Design  of  Solid,  Non-overflow  Gravity  Dams,  The  Design 
of  Solid  Spillway  Gravity  Dams,  The  Design  of  Hollow  Dams,  The  Design 
of  Arch  Dams,  Preparation  and  Protection  of  the  Foundation,  Flood  Flows, 
Details  and  Accessories. 

Presents  the  theory  and  the  fundamental  assumptions  of  design  of  dams  of  this 
kind,  and  gives  a  number  of  examples  showing  the  application  of  theory  to  practical 
designing. 

International  Mining  Law.  By  Theo.  F.  Van  Wagenen.  1st  edition.  N.  Y., 
McGraw-Hill  Book  Co.,  Inc.,  1918.     342  pp.,  7X5  in.,  flexible  cloth,  $3.50. 

Starting  with  an  account  of  ancient  mining  laws  and  customs,  the  author  gives  a 
digest  of  the  present  mining  laws  of  the  world.  Statistics  of  production  in  the  leading 
countries  are  given  to  show  the  effect  of  various  laws  on  the  industry,  and  there  are 
discussions  of  different  features  of  the  laws.  Confined  to  metal  mining;  the  laws 
having  to  do  with  coal,  iron  and  non-metals  are  omitted. 

The  Cyanide  Process.  Its  Control  and  Operation.  By  A.  W*.  Fahrenwald.  1st 
edition.  N.  Y.,  John  Wiley  and  Sons,  Inc.,  1918.  10  +  256  pp.,  37  illus.,  1 
folded  pi.,  1  folded  chart,  27  tab.,  7X4  in.,  flexible  cloth,  $2. 

The  object  of  the  book  is  to  furnish  a  laboratory  guide,  both  for  investigating  a 
new  ore  and  for  conducting  the  laboratory  of  a  mill,  which  will  include  the  latest 
developments  of  the  process  and  be  sufficiently  complete  for  ordinary  needs. 

Diseases  op  Occupation  and  Vocational  Hygiene.  Edited  by  George  M.  Kober 
and  William  C.  Hanson.  Phila.,  P.  Blakiston's  Son  and  Co.  21  +  918  pp.,  46 
illus.,  10  X  6  in.,  cloth,  $8. 

With  the  assistance  of  a  large  number  of  experts,  the  editors  have  endeavored  to 
present  the  basic  facts  concerning  diseases  of  occupation  in  such  a  way  as  to  form  a  safe, 
convenient  guide  for  physicians,  employers,  workmen,  legislators,  public-health 
officials  and  other  interested  persons. 
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My  REMiNiBcnBNCEs.  By  Raphael  Pumpelly.  N.  Y.,  Henry  Holt  and  CJo.,  1918. 
844  pp.,  67  pL,  24  por.,  13  maps,  9X6  in.,  cloth,  2  vols.,  $7.50. 
Bom  in  1837,  the  author  studied  geology  and  mining  engineering  in  Paris  and 
Freiburg,  and  later  led  a  busy  life  as  a  geologist^  mining  engineer  and  explorer  for  over 
half  a  century.  His  professional  activities  in  Asia  and  America  provided  an  abundance 
of  information  on  these  lands  and  many  adventures  and  anecdotes,  which  are  presented 
in  an  interesting  fashion  in  this  autobiography. 

West  Virginia. — Detailed  Report  on  Barbour  and  Upshur  Counties  and  Western 
Randolph,  by  D.  B.  Reger.  with  an  introductory  Discussion  of  Deep  Well  Records, 
including  the  Deepest  Well  in  the  World,  by  I.  C.  White,  and  a  Discussion  of  Deep 
Well  Temperatures  by  C.  E.  Van  Orstrand.  867  pages  +  CIV  pa^es  of  introductory 
matter,  and  illustrated  with  53  half-tone  plates  and  43  figures  or  zmc  etchings  in  the 
text,  accompanied  with  a  separate  case  of  topographic  and  geologic  maps  of  the 
entire  area  in  two  sheets,  one  covering  Barbour  County,  and  the  other  Upshur  County 
and  the  coal  area  of  Randolph  west  from  Bi^  Laurel  and  Rich  Mountains.  The  whole 
region  is  underlain  by  the  Coal  Measures  m  which  are  several  valuable  beds,  all  of 
which  are  described,  analyzed,  and  their  areas  mapped  in  this  Report.  Price,  includ- 
ing case  of  maps,  $3.00.    West  Virginia  Geological  Survey,  Morgantown,  W.  Va- 

Revised  Figure  Showing  Bituminous  Coal  Beds  in  West  Virginia,  zincograph 
section,  6  in.  wide  and  40  in.  long,  showing  the  names,  number  and  intervals  separating 
the  coal  beds  of  West  Virginia,  and  extending  from  the  top  of  the  Dunkard  Series  to 
the  base  of  the  Pottsville  Series,  on  the  scale  of  1  in.  to  200  ft.,  compiled  and  revised  to 
July  1,  1918,  bv  Ray  V.  Hennen,  Assistant  Geologist.  Price,  25  cents.  West  Vir- 
ginia Geological  Survey,  Morgantown,  W.  Va. 


FORTHCOMING  MEETINGS  OF  SOCIETIES 


Organiiation 


PUoe 


Date  1018 


American  Chemical  Society I  Cleveland,  O. 

American  Society  of  Sanitary  Engineers Chicago,  III. 

National  Petroleum  Association Atlantic  City,  N.  J. 

American  Institute  of  Mining  Engineers Colorado 

National  Association  of  Stationary  Engineers. . . .  Cincinnati,  O. 

Association  Iron,  Steel,  Electrical,  Engmeers '  Baltimore.  Md. 

British  Iron  and  Steel  Institute,  Autumn  Meeting  London,  Eng. 

National  Exposition  of  Chemical  Industries New  York,  N.  Y. 

American  Electrochemical  Society Princeton,  N.  J. 

Institute  of  Metals  Division,  A.  I.  M.  E Milwaukee,  Wis. 

Iron  and  Steel  Members,  A.  I.  M.  E Milwaukee,  Wis. 

American  Foundrymen's  Association Milwaukee,  Wis. 

American    Museum   of   Safety   and   Sanitation, 

Exposition St.  Louis,  Mo. 

National  Safety  Council St.  Louis,  Mo. 

Business  Show New  York,  N.  Y. 


Sept.  9-12 
Sept.  3-5 
>  Sept. 
Sept.  2-7 
Sept.  9-13 
Sept.  9-14 
Sept.  12-13 
Sept.  23-28 
Sept.  30- 
Oct.  2 
Oct.  8-11 
Oct.  8-10 

Oct.  7-12 

I 

!  Oct.  7-12 

j  Oct.  14r-17 

i  Oct.  21-26 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  July  10,  1918,  to  Aug.  10,  1918. 

AiicHER,  Eugene  G.,  Asaayer  and  Chem.,  Granby  Cons.  Min.  Smelt.  &  Power  Co., 

Anyox,  B.  C,  Canada. 

Bakeb,  Robert  C .Mech.  Engr.  and  Draftsman,  Moctezuma  Copoer  Co., 

Nacozari,  Son.,    Mexico. 

Baknes,  Edwabd  a Supt.,  Fort  Wayne  Works,  General  Electric  Co., 

Fort  Wajrne,  Ind. 

Babnhart,  Edwin Engr.  of  Tests,  Bethlehem  Steel  Co.,  Sparrow's  Point,  Md. 

Benslet,  Maurice  D Pres.  and  Mgr.,  Frontier  Brass  Foundry,  Inc., 

Niaeara  Falls,    N.  Y. 

Bradley,  John  C Met.,  The  American  Brass  Co.,   Waterbury,  Conn. 

Bragg,  C.  T Works  Mgr.,  Michigan  Smelt.  &  Refin.  Co..  Detroit,  Mich. 

Brtmbr,  Geobob  W Min.  Engr.,  922  Union  National  Bank  Bldg.,  Scranton,  Pa. 

Chiwis,    Norman Met.    Engr.,    More-Jones    Brass    &    Metal    Co., 

3144  North  Broadway,   St.    Louis,   Mo. 

Crawford,  R.  D Prof,  of  Mineralogy  &  Petrology,   ifniv.  of  Colorado, 

Boulder,    Colo. 

Daly,  David  R Pres.  and  Gen'l  Mgr.,  J.  H.  Gautier  &  Co^  Jersey  City,  N.  J. 

Davis,  Robert  S Min.  Engr^  Milton,    Pa. 

DeWitt,  H.  a Min.  Ennr.,  Chiksan  Min.  Co.,  Chiksan,  Uhosen,  Itorea. 

Dickson,  James  K.,  Min.  Engr.,  New  York  &  Honduras  Rosario  Min.  Co.,* 

Amapala,  Honduras,  C.  A. 

Dittmann,  Matthew  C Vice  Pres.,  In  charge  of  Operations, 

American    Bronze   Corporation,    Berwyn,    Pa. 

Eardley,  Mehring  V Asst.   Mgr.,  American  Metal  Co.,  314  Frisco  Bldg., 

Joplin,  Mo. 

Edwin,  John Co.  A,  27th  Engineers,  A.  E.  F.,  Care  Postmaster,  N.  Y. 

Evernham,  C.  C,  Mexico  Representative,  Merrill  Metallurgical  Co.,  121  Second  St., 

San    Francisco,    Cal. 

Ferron,  Robert  D Min.  Engr.,  Braden  Copper  Co.,  Rancarua,  Chile,  S.  A. 

Flaherty,  P.  J.,  Vice  Pres.  and  Gen'l  Mgr.,  Johnson  Bronze  Co.,  New  Castle,  Pa. 
Franklin,  Frederick  H.,  Met.  Chem.,  Saunders  &  Franklin,  184  Whittier  Ave., 

Providence,  R.  I. 
Gardiner,  F.  E.,  Chem.  and  Met.,  Dominion  Bridge  Co.,  Ltd., 

Montreal,  Quebec,  Canada. 
Gillett,  H.  W. .  .Alloy  Chem.,  U.  S.  Bureau  of  Mines,  Morse  Hall,  Ithaca,  N.  Y. 
Gilligan,  Frank  P.,  Sec*y  and  Treas.,  The  Henry  Souther  Engineering  Co., 

11  Laurel   St.,    Hartford,    Conn. 

Goodman,  Frank  B Supt.,  Montreal  Min.  Co.,  Hurley,  Wis. 

Gray,  Arthur  W.,  Director  of  Physical  Research,  The  L.  D.  Caulk  Co.,  Milford,  Del. 

GuREvicH,  Louis  J. Met.,  Asst.  Physicist,  Bureau  of  Standards,  Washington,  D.  C. 

Hamilton,  Fletcher Stat«  Mineralogist  of  California,  Ferry  Bldg., 

San  Francisco,  Cal. 
HfeRiVEL,  Ernest  Philip,  Mine  Supt.,  Esperanza  Min.  Co.,  Apartado  Postal  No.  8, 

El  Oro,  Estaao  de  Mexico,  Mexico. 
HiGAsm,  Sentaro,  Supt.,  Ikuno  Mine,  Mitsubishi  Kogio-Kabushika  Kaisha, 

Tajima,   Japan. 
Howe,  Harrison  E.,  Chem.  Engr.,  Mgr.,  Commercial  Dept.,  Arthur  D.  Little,  Inc., 

30  Charles  River  Road,  Cambridge,  Mass. 
HuNNER,  Earl  E.,  Mgr.,  Iron  Mines,  M.  A.  Hanna  &  Co.,  701-12  Fidelity  Bldg., 

Duluth,  Minn. 
Ibbeti,  Arthur  W.,  Min.  and  Mech.  Engr.,  Trinidad  Leaseholds,  Ltd., 

1  London  Wall  Bldgs^  London,  England. 

Jennison,  H.  C Ansonia  Branch,  American  Brass  Co.,  Ansonia,  Conn. 

Johnson,  Charles  W Gen'l  Supt.,  Westinghouse  Electric  &  Mfg.  Co., 

Pittsburgh,  Pa. 

Jones,  Jesse  L Met.,  Westinghouse  Electric  &  Mfg.  Co.,  Pittsburgh,  Pa. 

Keknedy,  William  Arthur,  Testing  Engr.,  General  Fire  Extinguisher  Co., 

275  W^est  Exchange  St.,  Providence,  R.  I. 
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KiTsuNEZAKi,  Ichiro,  Min.  Engr.,  Furukawa  Min.  Co.,  No.  39  Cazenbocho  Azabuku, 

Tokyo,  Japan. 
Klaustermeter,  Carl  H.,  Head  of  Ore  &  Zinc  Sales  Depts.,  Grasselli  Chemical  Co., 

Guardian  Bldg.,  Cleveland,  Ohio. 
Klee,  William  B.,  Pres.  and  Treas.,  Damascus  Bronze  Co.,  928  South  Ave.,  N.  S., 

Pittsburgh,  Pa. 

Lheraud,  Alexandre Chief  Min.  Engr.,  El  Solvado,  Pta.,  Cordoba,  Spain. 

LoxTDERBACK,  Georob  D.,  Prof .  of  Geology,  University  of  California,  103  Bacon  Hall, 

Berkeley,  Cal. 
McFarland,  David  F.,  Assoc.  Prof,  of  Applied  Chem.,  University  of  Illinois, 

155  Chemical  Laboratory,  Urbana,  111. 

MacPherran,    Ralph  S Chem.,   Allis  Chalmers  Mfg.   Co.,   West  Allis,    Wis. 

Mathew80N,  C.  H.,  Asst.  Prof,  of  Met.,  Sheffield  Scientific  School,  Yale  Univ^ 

New  Haven,  Conn. 

Metzqer,  Jules  P Vice  Pres.  and  Works  Mgr.,  The  Leslie  Co.,  Lyndhurst,  N.  J. 

Miller,  H.  C Supt.,  Round  Valley  Tungsten  Co.,  Bishop  Inyo  Co.,  Cal. 

Miller,  Samuel  W Prop.,  Rochester  Welding  Works,  349  Orchard  St., 

Rochester,  N.  Y. 
Moody,  Wilbur  L..  .  .Geol.,  Southern  Pacific  Co.,  1829  Berryman  St.,  Berkeley,  Cal. 
Morris,  Albert  Wood,  Cons.  Engr.,  Morris  Engrg.  Co.,  54  Buckingham  St., 

Springfield,  Mass. 
Mueller,  Henry  P.,  Pres.,  H.  P.  Mueller  Brass  Foundry,  215-19  Lombard  St., 

St.  Louis,  Mo. 

Newman,  D.  F Min.  Engr.,  Supt.,  U.  S.  Manganese  Corpn.,  Elkton,  Va. 

Ohern,  D.  W Geol.,  Fortuna  Oil  Co..  Oklahoma  City,  Okla. 

Olson,  L.  W Factory  Mgr.,  Ohio  Brass  Co.,  16  Glenwood  Blvd.,  Mansfield,  Ohio. 

Pack,  Charles,  Chief  Chem.  and  Met.,  Doehler  Die  Casting  Co., 

Court  and  Huntington  St.,  Brooklyn,  N.  Y. 
Pannell,  Ernest  V.,  Engr.,  The  British  Aluminium  Co.,  Ltd.,  60  Front  St.,  W., 

Toronto,  Canada. 

Parsons,  Walter  H.,  Min.  Engr 625  Market  St.,  San  Francisco,  Cal. 

Penick,  Walter  L.,  Met.  Engr.,  Hardinge  Conical  Mill  Co.,  601  Newhouse  Bldg., 

Salt  Lake  City,  Utah. 

PoMBROY,  W.  D Gen'l  Mgr.,  The  Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 

Pompeia,  Jonas,  Engr.,  Comp.  Morro  da  Mina,  87  Rua  General  Jardin,  S.  Paulo, 

Brazil,    S.    A. 
Putnam,  W.  P.,  Met.,  Major,  Ord.  R.  C,  Inspection  Div.,  Detroit  Testing  Laboratory, 

674   Woodward    Ave..    Detroit,    Mich. 
Rae,  Elmer,  Met.,  Mgr.  of  Brass  Foundry,  Metal  &  Alloy  Specialtv  Co.,  Inc.. 

25  Illinois  St.,  'Buffalo,   N.    Y. 

Rankin,  E.  L Supt.,  U.  S.  Smelt.  Co.,  Altoona,  Kansas. 

Rhead,  E.  L.,  Lecturer,  Met.  and  Assaying,  College  of  Technology,  Manchester 

University,  Manchester,  England. 
Roast,  Harold  J Met.  Chem.,  The  James  Robertson  Co.,  Ltd.,  Montreal,  P.  Q., 

Canada. 
Robertson,  Norman  A.,  Member  and  Mgr.,  John  Robertson  &  Co.,  133  Water  St., 

Brooklyn,   N.   Y. 
Rogers,  John  C,  Min.  Engr.,  Canadian  Copper  Co.,  Copper  Cliflf,  Ont.,  Canada. 

Schloss,  Joseph  A Sec.  L.  Vogelstein  &  Co..  Inc.,  42  Broadwav,  New  York,  N.  Y. 

Schott,  Max,  Gen'l  Mgr.,  Ohio  &  Colorado  Smelt.  &  Rcfin.  Co.,  Ltd.,  822  Foster  Bldg., 

Denver,  Colo. 
Shaw,  John  E.  .  .Engr.,  Charge  of  Underground  Development,  Chile  Exploration  Co., 

Chuquicamata,  Chile,  S.    A. 
Spare,  Charles  R.,  Vice  Pres.  and  Gen'l  Mgr.,  American  Manganese  Bronze  Co., 

Holmesburg,  Pa. 

Spilsbury,  H.  G Met.  Engr.,  Metal  &  Thermit  Corpn.,  120  Broadway, 

New  York,  N.  Y. 

Spring,  L.  W Chief  Met.,  Crane  Co.,  836  So.  Michigan  Ave.,  Chicago,  111. 

Starr,  Frank  E.,  Underground  Foreman,  Chile  Exploration  Co.,  Chuquicamata, 

Chile,  S.  A. 
Steven,  Harold  A. .  .Min.  Engr.,  Mond  Nickel  Co.,  Ltd.,  Worthington,  Ont.,  Canada. 
Strache,  Walter,  Examining  Engr.,  Fundicion  de  Guayacan,  Casilla  226, 

Coquimbo,  Chile,  S.  A. 

Taber,  M.N Met.,  The  National  Supply  Co.,  Toledo,  Ohio. 

Teets,  John  N.,  U.  S.  Naval  Aviation  Detachment,  Co.  22, 

Mass.  Institute  of  Technology,  Cambridge,  Mass. 
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Webert,  Louis  P Chem.,  U.  S.  Naval  Engineering  Experiment  Station, 

Annapolis,   Md. 
Welsh,  LeRot  G.,  Min.  and  Pet.  Engr.,  Pennsylvania  Exploration  Co.,  Baker,  Mont. 

Wbttstbin,  Thoma8  F Mgr.,  Keokuk  Plant,  United  Lead  Co.,  Keokuk,  Iowa. 

Wood,  Robert  F.,  Met.  and  Foundry  Supt.,  The  oandusky  Foundry  &  Machine  Co., 

Sandusky,    Ohio. 
WoRSDELL,  Arthub.  .Mill  Forcman,  Barnes  King  Development  Co.,  Kendall,  Mont. 

Associates 

Allan,  Percy Treas^  Jenkins  Mfg.  Co..  Bloomficid,  N.  J. 

Andrews,  Joseph  C.  . .  .Ordnance  Dept.,  U.  S.  A.,  123  Vine  St.,  New  Britain,  Conn. 
Bassett,  George  B.,  Pres.  and  Gen'l  Mgr.,  Buffalo  Motor  Co.,  2917  Main  St., 

Buffalo,  N.  Y. 
Berliner,  Henrt  E.,  Eastern  Representative,  Michigan  Smelt.  A  Refin.  Co., 

Detroit,  Mich. 
Bunting,  C.  E.,  Sec'y  and  Treas.,  The  Bunting  Brass  &  Bronze  Co.,  Toledo,  Ohio. 

Cochrane,  John  H Prop.,  The  Cochrane  Brass  Foundrj'',  York,  Pa. 

Cohen,  Fred  W.,  Asst.  Gen'l  Mgr.,  Metal  &  Thermit  Corpn.,  120  Broadway, 

New    York,  N.  Y. 

Davie-s,  Ralph  V Chem.,   U.  S.  Cartridge  Co.,  Lowell,   Mass. 

DoEHLER,  H.  H.,  Pres.  and  Gen'l  Mgr.,  Doehler  Die  Casting  Co., 

Court  &  Huntington  St.,  Brooklyn,  N.  Y. 

DoERiGHT,  G.  A Pres.  and  Mgr.,  The  Falcon  Bronze  Co.,  Youngstown,  O. 

Doyle,  Joseph  A.,  Vice  Pres.,  W.  S.  Rockwell  Co.,  60  Church  St.,  New  York,  N.  Y. 
Fretz,  Edward  S.,  Pres.  and  Gen'l  Mgr.,  Light  Manufacturing  &  Foundry  Co., 

Pottstown,    Pa. 

Jones,- .\rthur Pres.,   U.   S.   Smelting  Furnace   Co.,   Belleville,   111. 

Karr,  C.  Powell,  Associate  Physicist,  Bureau  of  Standards,  Washington,  D.  C. 
Kaufman,  E.  C,  Chem.  and  Met.,  Federal  Metal  Co.,  6621  Morgan  Ave., 

Clevelandt  O. 

Krousb,  George 148-154  Morgan  St.,  Jersey  City,  N.  J. 

Merrill,  Aldbn Chem.,  American  Brass  Co.,  Waterbury,  Conn. 

Mitchell,  L.  S.,  Vice  Pres.  and  Mngng.  Director,  The  Robert  Mitchell  Co.,  Ltd., 

64  Belair  Ave..  Montreal,  Canada. 

Moerl,  Frederick Gen'l  Foreman,  Brass  Dept.,  The  Pullman  Co., 

Pullman  Car  Wks.,  Pullman,  Chicago,  III. 

McELLER,  F.  A First  Asst.  Chem.,  Union  Pacific  Railroad,  Omaha,  Neb. 

Nebel,  Merle  L.,  Asst.  Prof.  Economic  Geol^  West  Virginia  University, 

Mechanical  liall,  Morgantown,  W.  Va. 
Reidenbach,  F.  W.,  Vice  Pres.,  Coates,  Bennett  &  Reidenbach,  Box  1042, 

Rochester,  N.  Y. 
ScHMiTZ,  M.  W.,  Gen'l  Mgr.  and  Vice  Pres.,  Union  Brass  &  Metal  Mfg.  Co., 

St.   Paul,    Minn. 
Schreiber,  Leonard  G.,  Vice  Pres.  and  Gen'l  Mgr.,  The  L.  Schreiber  &  Sons  Co., 

Box  18,  Evanston  Station,  Cincinnati,  Ohio. 
Seligman,  Arthur,  Importer  and  Exporter  of  Metals  and  Ores,  165  Broadway, 

New  York,  N.  Y. 
Shaw,  Hubert  A.,  Met.,  Engrg.  Dept.,  National  Conduit  &  Cable  Co., 

Hastings-on-Hudson,    N.    Y. 
Sheeler,  John  Howard  . . .  Prop,  and  Mgr.,  Sheeler  Hemsher  Co^  Philadelphia,  Pa. 

SiLLMAN,  Joseph Pres.,  Michigan  Smelt.  &  Refin.  Co.,  Detroit.  Mich. 

Stevens,  Thomas  A Pres.,  Empire  Mfg.  Co.,  Ltd.,  London,  Canada. 

Tyson,  George  E Supt.,  Penn.  Hardware  Co.^  Reading,  Pa. 

Unoer,  Magnus Elect.  Engr^  General  Electric  Co.,  Pittsfield,  Mass. 

Wakepield,  Frederick  W Pres.,  F.  W.  Wakefield  Brass  Co.,  Vermilion,  O. 

Walker,  Thomas  E.,  Supt.,  Crittall  Casement  Window  Co.,  685  Atwater  St.,  E., 

Detroit,   Mich. 
Wilson,  Charles  H.,  Pres.,  Wilson-Maeulon  Co.,  781  E.  142d  St.,  New  York,  N.  Y. 

Junior  Associates 

Chiang,  Lu-Cheng 1017  Twelfth  St.,  Golden,  Colo. 

DowDELL,  Ralph  Lewis,  Met 1462  Como  Ave.,  West,  St.  Paul,  Minn. 

Gallucci,  Nicholas  Frank Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Strand,  Harry  W. .  .Min.  Engr.,  Great  Northern  Iron  Ore  Properties,  Marble,  Minn. 
Tao,  H.  T Student,  Missouri  School  of  Mines,  Rolla,  Mo. 
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Change  of  Status — Junior  Associate  to  Member 

HiGGiNS,  Larratt  T Mill  Met.,  Braden  Copper  Co.,  Rancagua,  Chile. 

Stitt,  J.  B,,  Acting  Foreman,  Acid  Dept.,  Braden  Copper  Co.,  Sewell,  via  Rancagua, 

Chile,    S.  A. 

Change  of  Status — Junior  Associate  to  Associate 

Crittenden,  Zar  T.,  Min.  Engr.,  Wilson  Foundry  &  Machine  Co.,  So.  Saginaw  St., 

Pontiac,  Mich. 
Wakenhut,  C.  J Geol.,  Carter  Oil  Co.,  Tulsa,  Okla. 

Total  Membership,  Aug.  10,  1918 6973 

Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  July  10,  1918  to  August  10,  1918. 

This  list  together  with  the  list  published  in  Bulletin  Nos.  133  to  140, 
January  to  August,  1918,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Jan.  1,  1918 
and  brings  it  up  to  the  date  of  August  10,  1918. 

Allen,  A.  W.,  Engineering  &  Mining  Journal,  10th  Ave.  and  36th  St.,  New  York,  N.  Y. 
Andrews,  Clarence  W.,  2d  Lieut.,  12th  Bat.  Infantry  Replacement  Regiment. 

Camp  Lee,  Va. 
Appleoate,  J.  S.,  Material  Engr.,  Wagner  Electric  Mfg.  Co.,  6400  Plymouth  Ave., 

St.   Louis,    Mo . 
Arluck,  a  a..  Headquarters,  Ist  Corps  of  Artillery,  A.  P.  O.  No.  759,  A.  E.  F., 

France. 
Ater,  Frank  A,,  1st  Lieut.,  353d  Aero  Squadron,  A.  E.  F.,  Care  Postmaster,  N.  Y. 

Baker,     John     M Sheridan,     Mont. 

Barton,    Joe    C Unicoi,    Tenn. 

Blakeslee,  Frank  A 60  Vernon  Street,  Oakland.  Cal. 

Boise,  Charles  W 709-5th  Ave.,  N.,  Jamestown,  N.  D. 

BouDWiN,  Walker  J.,  Corp.,  Administrative  Labor  Co.,  No.  46  (Spanish)  A.  P.  O. 

No.  713,  A.  E.  F.,  France. 

Brings,  H Care  American  Barium  Co.,  57  Post  Street,  San  Francisco,  Cal. 

Brul£,  Frederick  J.,  Chief  Engr.,  British  America  Nickel  Corpn.  Ltd., 

The  Citizen  Bldg^  Sparks  St.,  Ottawa,  Canada. 

Brunel,  Frank  P Maxwell  Land  Grant  Co.,  Baldy,  New  Mexico. 

Brunton,    Frederic    K Met.    Engr.,   Arizona   Copper    Co.,    Morenci,    Ariz. 

Calkins,    F.    E Miami,    Ariz. 

Carltle,  E.  J British  America  Nickel  Corpn.,  Ltd.,  Sudbunr.  Ont.,  Canada. 

Carr,  Henry  C C.  W.  Pope  &  Co.,  25  Broad  St.,  New  York,  N.  Y. 

Chapman,  Lewis  C Co.  F,  604th  Engineers,  Washington  Barracks,  D.  C. 

Chase,  J.  L.,  Cadet  No.  2011205,  Canadian  Engrs.,  Guy  St.  Barracks,  Montreal,  P.  Q., 

Canada. 

Chen,  Fan Pao  Hsiang  Kungse,  Chenchow,  South  Hunan,  China. 

Clark,  H.  Smith Co.  E,  1st  Regiment  Replacement  Engineers, 

Washington  Barracks,  D.  C. 
Coleman,  W.  H.,  Corp.,  Co.  E,  23d  U.  S.  Engineers,  A..E.  F.,  Care  Postmaster,  N.  Y. 

Cooper,  Claude  H Capt.,  C.  A.  R.  C,  50th  Artillery,  Camp  Eustis,  Va. 

CopELiN,  L.  S 521  I.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 

Cremer,    Felix Casilla   1057,   Santiago   de   Chile,    S.   A. 

CuRRiE,  David,  Director  General,  National  Salvage  Council,  Caxton  House, 

Tot  hill  St.,  Westminster,  S.  W.  1,  England. 

Davis,   Roy   H 500  So.   Linden  Ave.,   Pittsburgh,    Pa. 

De  Deken,  a..  Chief  Engr.,  Cia.  Franco-Espanola  de  Minas,  93  Pasco  de  Gracia, 

Barcelona,  Spain. 

db  Hora,  M.  Herrera Instructed  to  hold  everything. 

DB  Landero,  Carlos  F la  Alamo,  4,  Mexico  City,  D.  F.,  Mexico. 

Delano,  Frederic  A.,  Major,  Army  Engr.  Reserve  Corps,  A.  E.  F.,  Care 

Postmaster,  New  York. 
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DiCKBON,  R.  H Ist  Lieut.,  C.  A.  N.  A.,  FortresB  Monroe,  Va. 

DoBsoN,  D.  I.,  Corp.,  Co.  F,  310th  Engineers,  A.  E.  P.,  Care  Postmaster,  N.  Y. 

DoBR,  J.  V.  N Pres.,  The  Dorr  Co.^  101  Park  Ave.;  New  York,  N.  Y. 

Dtb,  Georgs  D.,  Bureau  of  Mines,  Care  War  Mineral  Investigation,  Dept.  of  Interior 

Bldg.,    Washington,    D.    C. 

Dunn,  Theodobe  S Capt.,  538th  Engineers.  Camp  Meade,  Md. 

Eaton.  Lucien,  Capt.,  E.  R.  C,  Provisional  Co.  4\  E.  R.  O.  T.  C,  Camp  Lee,  Va. 

Ely,  Fred  B 1st  Lieut.,  Aviation  Section,  N.  A. 

Emrich,  Jat  L 3221  FrankUn  St»  Denver,  Colo. 

Fairbairn,  George Capt.,  252d  Co.  Royal  Engineers,  B.  E.  F.,  France. 

Fassett,  Newton  C,  Section  600,  U.  S.  Army  Ambulance  Service,  with  the  Italian 

Army,    A.    E.  F. 

Ford,  Harold  P 1666  East  118th  Street,   Cleveland,  O. 

Franke,  Emil  A 3453  No.  IJncoln  Street.  Chicago,  Dl. 

Fraser-Camfbbll,  E 2d  Lieut.,  180th  Tunnelling  Co.,  R.  E.,  B.  E.  F. 

Gee,  J.  Emerson,  Min.  Engr.,  Indiana-Oaxaca  Min.  Co.,  la  Guerrero  No.  1, 

Oaxaca,  Mexico. 

Gilbert,    Donald   C Co.    L,    Ist   Replacement    Regiment   Engineers, 

Washington  Barracks,  D.   C 

Gill,    AtrrnoR    H Ridley    Park,    Pa. 

Goodwin,  L.  Hall,  Field  Engr.,  Rogers,  Mayer  &  Ball,  42  Broadway, 

New  York,  N.  Y. 

GoRDT,    S.    B 41    Atwater   Ave.,    Derby,    Conn, 

Greene,  Frank  Casanove Box  216,  Denver,  Colo. 

Gregory,    A.    E Hokitika,  New  Zealand. 

Griffen,  Frank  W Holbrook  Bldg.,  68  Sutter  St.,  San  Francisco,  Cal. 

Grosvenor,  G.  L Cons.  Arizona  Smelt.  Co.,  Humboldt,  Ari». 

Hancb,  James  H 605  D.  St.  N,  W.,  Ardmore,  Okla. 

Hanst,  John  Faber Ingersoll-Rand  Co.,  Farmers  Bank  Bldg.,  Pittsbuigh,  Pa. 

Hardinge,  Harlowe Capt.,  Radio  Dept.,  Signal  R.  C,  A.  E.  F.,  France. 

Hart,  Gilbert Empire  Gas  &  Fuel  Co.,  Box  14,  Eureka,  Kansas. 

Havlin,  T.   N Capt.,   138th  Ordnance  Depot  Co.,  Las  Casas,  Porto  Rico. 

Hatden,  Wallace  H De  Pue,   III. 

Heller,  Alfonce  H Supt.,  Ohio  Copper  Co.,  Lark,  Utah. 

HoAAS,  Ole  G 1644  Taylor  St.,  San  Francisco,    Cal. 

HoATsoN,  John Box  202,  Ajo,  Ariz. 

Hood,  Ozni  P 1831  Irving  St.,  N.  W.,  Washington,  D.  C. 

Hopper,  Walter  E Bureau  of  Research,  War  Trade  Board,  Washington,  D.  C. 

Householder,  E.  Ross,  Co.  L,  Ist  Regiment  Replacement  Engineers, 

Washington  Barracks,  D.  C. 

Howe,   James   V 1616   S.    Boston   St.,    Tulsa.   Okla. 

Howe,  R.  E Care  Cananea  Copper  Co.,  Cananea,  Son.,  Mexico. 

HnssissiAN,  Khoren  L Instructed  to  hold  everything. 

Imhopf,  Wallace  G.,  Lieut.,  Asst.  Engr.,  Airplane  Motor  Dept.,  Rich  Field, 

W^aco,   Texas. 
Ingersoll,  Gut  E.,  Asst.  Metal  Min.  Engr.,  Dept.  of  the  Interior,  Bureau  of  Mines, 

Crosby,  Minn. 
Johnson,  J.  D.,  Tech.  Asst.  Works  Mgr.,  Chester  Shipbuilding  Co.,  Ltd.,  Chester,  Pa. 
Jones,  Charles  H.,  Met.,  Minerals  Separation  Co.,  Ltd.,  62  London  WaU. 

London,  E.  C.,  England. 

Keenet,  Robert  M The  Iron  Mountain  Alloy  Co.,  P.  O.  Box  186,  Denver,  Colo. 

Kellogg,  Leb  O South  American  Development  Co.,  15  Broad  St..  New  York,  N.  Y. 

Kelly,   Frank  J Hussar,   Alberta,   Canada. 

Kennedy,  George  A 2741  Federal  Boulevard,  Denver,  Colo. 

KrrsoN,  H.  W.,  Ensign,  U.  S.  N.  R.  F.,  Room  E,  Quarters  B,  U.  S.  Naval  Academy, 

Annapolis,    Md. 

Lanaoan,  William  H Major,  Engr.  R.  C,  Camp  A.  A.,  Humphreys,  Va. 

Lehmann,  Charles,  Care  Institution  of  Mining  and  Metallurgy, 

1  Finsbury  Circus,  London,  E.  C,  England. 

LiNDSEY,   James 616  Chamber  of  Commerce   Bldg^   Portland,   Ore. 

Linn,  T.  I.,  Care  Rev.  H.  L.  Yee,  Shantung  Christian  University,  Tsinan  City, 

Shantung,  China. 

List,  Elmer Care  Air  Nitrates  Corpn.,  Muscle  Shoals,  Ala. 

LovEJOY,  John  M.,  lieut.,  F.  A.  R.  C.,  Saumur  Artillery  School,  A.  P.  O.  No.  718, 

A.  E.   F..  France. 
McAfee,  Dan  S The  Dorr  Co.,  101  Park  Ave.,  New  York,  N.  Y. 
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McAllen,  John  L.  .  .Lieut.,  Co.  B,  602d  Engineers,  A.  E.  R,  Care  Postmaster,  N.  Y. 
McCoNNELL,  Robert  E.,  Lieut.,  U.  S.  N.  R.  F.,  Room  6312,  New  Interior  Bldg^ 

Navy  Etept.,  Washington,  D.  C. 

MacCoy,   Frederick United  Verde  Copper  Co.,  Jerome,  Ariz. 

Macia,    James    H Box    656,     Tombstone,     Ariz. 

Magnus,     Benjamin Capt.,     Engineers    Reserve    Corps. 

Mather,  T.  W '.Care  Cerro  de  Pasco  Copper  Corpn.,  Lima,  Peru. 

Matthews,  Charles  H.,  Care  M.  A.  Hanna  &  Co.,  1300  Leader  News  Bldg., 

Cleveland,  O. 
Mead,  Harry  L.,  Capt.,  Quartermaster  Corps,  N.  A.,  A.  E.  F.,  Care  Postmaster,  N.  Y. 
Mead,  Richard,  Coip.  (Battery  C,  lOlst  F.  A.)  Artillery  School  of  Instruction, 

A.  P.  O.  No.  711,  A.  E.  F.,  France. 

MiLDON,   R.   B Westinghouse  Electric  &  Mfg.  Co.,  Lester,  Pa. 

MiLYKO,  Alexander Sgt.,  19th  Battery,  F.  A.  O.  T.  C,  Camp  Taylor,  Ky. 

Minor,    C.    E, Box    BB,    Ek>ugla8,    Ariz. 

Mitchell,   George,   Gen'l   Mgr.,  Jerome-Superior  Copper  Co.,   Clarkdale,  Ariz. 

MoGA,  John  August 9th  Co.  C.  A.  C.  of  C.  B.,  Fort  Monroe,  Va. 

MooRE,  HowARp  Warren,  Care  F.  M.  Townsend,  912  Higgins  Bldg.,  Los  Angeles,  Gal. 
Moore,  Redick  R. . .  lAmerisan  Smelt.   &  Reiin.  Co.,  Monterey,  N.  L.,  Mexico. 

Moore,  Stanley  R Rosebery-Surprise  Min.  Co.,  Ltd.^  Sandon,  B.  C,  Canada. 

MxHR,  Douglas Supt^  Aztec  Mmes,  Baldy,  New  Mexico. 

Negru,  Jacques  S.,  Pvt.  No.  2504000,  Railway  Constr.  Troops  Depot,  (Draft  No.  76) 

Purfleet,  Essex,  England. 

Nelson,  H.  C Pvt.,  Co.  E,  314th  Engineers,  A.  E.  F.,  France. 

Nelson,  Wai/fer  I Balloon  Co.  64,  Arcadia,  Cal. 

NiEDiNG,  Burton  B Carbon  Hill  Coal  Co.,  Carbonado,  Wash. 

OrA,  Felipe  B Ray  Cons.  Copper  Co..  Ray,  Ariz. 

Ormsbee,  James  J Box  693,  El  Paso,  Tex. 

Osborne,  L.  D Supt.,  Manganese  Ass'n,  Las  Vegas,  Nev. 

OuGH,  Sydney  W.,  Care  Mr.  N.  W.  J.  Gibson,  7  Officers'  Quarters,  Royal  Arsenal, 

Woolwich,  London,  S.  E.  18,  England. 

Page,  E.  R ;.  Ist  Lieut.,  A.  S.,  Sig.  R.  C,  Love  Field,  Dallas,  Texas. 

Page,  William  K.,   1st  Lieut.,  Ord.  R.  C,  Care  Army  Inspector  of  Ordnance, 

Dayton  Metal  Products  Co.,  Dayton,  Ohio. 
Parker,  D.  J.,  Mine  Safety  Engr.,  U.  S.  Bureau  of  Mines,  4800  Forbes  St., 

Pittsburgh,    Pa. 

Pemberton,  J.  R 803  Mayo  Bldg.,  Tulsa,  Okla. 

Perry,  Ralph  G.,  Candidate,  26th  Training  Battery,  Field  Artillery,  Central  O.  T.  S., 

Camp  Taylor,  Kv. 

Pfouts,  Elmer Butters,  Divisadero,  Dept.  Mora  z  au.  El  Salvador,  C.  A. 

Pipkin,  Philip  H Lieut.,  116th  Engineers,  A.  P.  O.  No.  733,  A.  E.  F.,  France. 

Plummer,    F.    B Box   156,    Mineral   Wells,    Texas. 

Pond,  Walter  F.,  Capt.,  Headquarters,  30th  Engineers  (Gas  &  Flame  Regiment), 

A.  E.  F.,  Care  Postmaster,  N.  Y. 

Price,  C.  J Gen'l    Mgr.,   The  Burnet-Texas  Graphite  Co.,   Burnet,   Texas. 

Price,  Harold  C,  lieut.,  C.  A.  R.  C,  53d  Ammunition  Train,  C.  A.  C, 

,  *  A.  E.  F.,  France. 

Price,  Virgil  T 10th  Co^  164th  Depot  Brigade.  Camp  Funston,  Kansas. 

Pringle,  Lewis  B.,  Office  Mgr.,  Gregg  Varnish  Co.,  197  E.  Grand  St.,  St.  Louis,  Mo. 

Rankin,  James  J 5  West  103d  Street,  New  York,  N.  Y. 

Read,  J.  Burns,  Capt.,  Ord.  R.  C,  Inspection  Div.,  1647  Lamont  St., 

Washington,  D.  C. 

Rhoads,  Albert  E 642  Book  Bldg.,  Detroit,  Mich. 

Reichel,  Dan Care  Seiad  Chrome  Mine,  Hamburg,  Siskiyou  Co.,  Cal. 

Rettie,  Wiluam  H 32  Glover  Ave.,  Yonkers,   N.   Y. 

Riddle,  Donald  D.,  Midwest  Refin.  Co.,  819  First  National  Bank  Bldg.,  Denver,  Colo. 

Roberts,    John    R Box    938,    Wichita    Falls,    Texas. 

Robinson,    Harry  O Instructed  to  hold  everything. 

RoccA,  Bernard  T Care  Virginia  Louise  Min.  Co.,  Pioche,  Nev. 

Ross,  Clyde  P.,  Photographic  Dept.,  Military  Aeronautics,  21  Crowninshield  Road, 

/   ^,  ^.  ^  Brookline,  Mass. 

Roudabush,  Martin  A.,  2d  Lieut.,  Engrs.  R.  C,  A.  E.  F.,  Care  Postmaster,  N.  Y. 
Rule,  J.  Arthur,  Asst.  Supt.,  United  Verde  Extension  Smelter,  Verde. 

via  Clarkdale,  Ariz. 
deSaulles,  Charles  A.  H.,  Gen  1  Mgr.,  American  Smelt.  &  Refin.  Co.,  Denver,  Colo. 
Sanders,  W.  Murray 8009  Navaho  St.,  St.  Martins,  Philadelphia,  Pa. 
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Sanpord,  Chard  O Supt.,  Wilshire  Bishop  Creek  Mine.  Bishop,  Cal. 

Sears,  Mortimer  A.,  Geol.  and  Min.  Engr.,  505  First  National  Bank  Bldg., 

Huntington,  W.   Va. 
Sbamon,  W.  H.,  Jr.,  Pvt.,  Co.  A,  27th  Engineers,  A.  E.  F.,  via  Postmaster,  N.  Y. 

Setz,  Gustav Box  643,  St.  Louis,  Mo. 

Sheffield,  E.  S.,  Min.  and  Pet.  Engr.,  Standard  Oil  Co.,  of  New  York, 

26  Broadway,  New  York,  N.  Y. 
Smith,  F.  G.,  Met.,  Ord.  Dept.,  Inspection  Div..  Non-ferrous  Met.  Branch, 

6th  and,  B.  Sts.,  N.  W.,  Washington,  D.  C. 

Smith,  Frank  A 2d  Bat.  Ordnance  Detachment  C.  Edgewood,  Md. 

Smith,  H.   G 103  So.  Gunter  St.,  Vinita,  Okla. 

SiTEDAKSR,  Eugene  G.,  1st  Lieut.,  Co.  D,  4th  U.  S.  Engineers,  A.  E.  F., 

Care  Postmaster,  N.   Y. 
ScANTLiN,  W.  L.,  Sales  Engr.,  Ingersoll-Rand  Co.  of  III.,  1505  Peoples  Gas  Bldg., 

Chicago,  III. 

SoMMERViLLE,  WiLLiAM  B.,  Jr Lieut.,  C.  A.  C,  Fort  Terry,  N.  Y. 

Spicer,  H.  N The  Dorr  Co.,  101  Park  Ave.,  New  York,  N.  Y. 

Stayer,  W.  H.,  Mine  Mgr.,  E.  J.  La  vino  &  Co.,  Bomfim,  Estado  de  Bahia,  Brazil. 

Steele,  Edwin  Goodwin Sutton,  Steele  &  Steele,  Dallas,  Texas. 

Steele,  O.  W Burro  Mountain  Copper  Co.,  Tyrone,  N.  M. 

Steele,  W.  L Sutton,  Steele  &  Steele,  Dallas,  Texas. 

Stenger,  Edward  L.,  Asst.  Supt.,  Mountain  Copper  Co.,  Ltd.,  Iron  Mountain, 

via  Keswick,  Shasta  Co.,  Cal. 

Stewart,  John  S 42  Park  Ave.,  West,  Mansfield,  Ohio. 

Stewart,  Lloyd  L.,  U.  S.  Government  Inspector,  Care  Hercules  Powder  Co., 

Berkeley,    Cal. 

Stoller,    F.    E 1777   Rosedale   Ave.,    Cleveland,    O. 

Stott,  Georqe  E.,  Maatschappij  lot  Mijn^  Bosh  En  Landbouer  Exploitatie, 

Tandjong   Poera,   Langkat,   O.    K.,  Sumatra. 

Steoup,  Thomas  A Asst.  Engr.,  Utah  Fuel  Co.,  Clear  Creek,  Utah. 

Sutton,  Henrt  M Sutton,  Steele  &  Steele,  Dallas,  Texas. 

SwEETBER,  Arthxtr  L United  States  Public  Service  Reserve. 

Thomas,  David  R Care  American  Cyanamid  Co.,  Niagara  Falls,  Ont.,  Canada. 

Thomson,  Edward,   Gen'l  Mgr.,  Espada  Mines  Co.,  Hostotpaquillo,  Jal.,  Mexico. 

Throckmorton,    H 901    Powell    St.^    San    Francisco,    Cal. 

Thurstin,  Robert  A Lieut.,  Co.  C,  308th  Engmeers.  A.  E.  F.,  I^rance. 

ToTODA,  HiDBKANE,  Min.  Engr.,  Furukawa  Min.  Co.,  Tateism-Macni,  Oi taken,  Japan. 

Treichler,  H.  E. Care  Canadian  Copper  Co.,  Creighton  Mine,  Ont.,  Canada. 

Truex,  Arthur  F.,  Geol.,  Cosden  Oil  &  Gfas  Co.,  902  Cosden  Bldg.,  Tulsa,  Okla. 

Udden,  Jon  A ^^\i  Sinclair  Gulf  Oil  Co.,  Box  16,  Cisco,  Texas. 

Visel,  C.  E.,  Co.  M,  1st  Engineer  Training  &  Replacement  Regiment, 

Washington  Barracks,  D.  C. 
Vivian,  J.  C,  The  Tharsis  Sulphur  &  Copper  Co.,  Ltd.,  Agencia  de  Tharsis, 

Huelva,  Spain. 
Walters,  Charles  W?,  Ensign,  U.  S.  Naval  Air  Station,  St.  Trojan, 

Cherante  Inf're,  France. 

Walter,  Raymond  A 710  North  5th  St.,  Reading,  Pa. 

Wanvig,  John  D.,  Jr Box  617,  Glendale,  Ariz. 

Weld,  C.  Minot.  .  .Dept.  of  the  Interior,  Bureau  of  Mines,  Washington,  D.  C. 

Welsh,  L.  G 6925  Bennett  St.,  Pittsburgh,  Pa. 

Wendel,  Edmund 1st  lieut.,  Co.  A,  113th  Engineers,  A.  E.  F.,  France. 

Weymouth,  Frederick  A Sales  Met.,  Bethlehem  Steel  Co^So.  Bethlehem,  Pa. 

WiLUAMs,  Edward  I Candidate,  2d  Training  Co.,  C.  A.  C.,  Fort  Monroe,  Va. 

Willson,  Harold  E Supt.,  Rothwell  Coal  Co.,  Dubree,  W.  Va. 

WiBSHiNG,  Herbert Selby  Oil  &  Gas  Co.,  805  Kennedy  Bldg.,  Tulsa,  Okla. 

WoLVERTON,   F.   M Jefferson   Barracks,  Mo. 

Wrampelmeier,  E.  L.  S.,  Min.  Engr 2324  Piedmont  Ave.,  Berkeley,  Cal. 

Wright,  Frederic  E.,  Capt.,  Ord.  R.  C,  War  Industries  Board.  Washington,  D.  C. 
Wright,  W.  H.,  Capt.,  Engr.  R.  C,  General  Engineer  Depot,  War  Dept., 

1438  N.  W.  You  St. J  Washington,  D.  C. 

Wroth,   James   S 1st   Lieut.,    Engrs.    R.    C. 

Wyler,  Joseph  A 4131  Harrison  St.,  Washington,  D.  C. 

Yates,  A,  Care  Ministry  of  Munitions,  Zetland  Hotel,  Saltburn-by-the-Sea, 

Yorkshire,  England. 

Yen,  Chuano Phelps  Dodge  Corpn.,  Tyrone,  New  Mex. 

Zeiqler,    W.    L Index,    Wash. 
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Members'  Addresses  Wanted 

Name.  Last  address  of  Record  from  which  Mail  has  been  returned. 

AsHMORE,   E.   P 604  Sherboume  St.,   Toronto,   Ont^   Canada. 

Barnard,  C.  W North  Chicago  Hospital,  2551  N.  Clark  St.,  Chicago  IlL 

Barnett,  William  J 8  Waterloo  Place,  Pall  Mall,  London,  S.  W.,  England 

Boas,  Ross  H Highland  Boy  Mine,  Bingham  Canyon,  Utah. 

BoDDiNQTON,    Henry    D Ruatan,    Bay    Islands.    Spanish    Honduras. 

Brooke,   Lionel Minas  del   Tajo^    Rosario,    Sin.,    Mexico. 

Browne,  Arthur  B Malleable  Iron  Fittings  Co.,  Branford,  Conn. 

Bryant,   George  W Apartado  86,   Guanajuato,   Gto.,    Mex. 

Byers,  Whb aton  B 50  Hampton  Hall,  Cambridge,    Mass. 

CoNovBR,    M.    J Hotel  Bellevue,  San  Francisco,  Cal. 

Dennis,    Paul    J Bisbee,  Aria. 

Detert,    William    F Jackson,   Amador   Co.,   Cal. 

Ehlers,  L.  W 2137  St.  Louis  Ave.,  St.  Louis,  Mo. 

deFaria,  C.  C,  Fiscal  das  Estradas,  Rua  Condo  do  Bomfim,  No.  46, 

Rio  de  Janeiro.  Brazil. 

Fielding,    Sir    Charles Belmont,    Faversham,    Kent,    England. 

HovLAND,  Henry  B Los  Angeles  Athletic  Club,  Los  Angeles,  Cal. 

Imhoff-,    Alexander Box    1548,    Miami,    Ariz. 

Kay,  David  Nelson Ray  Cons.  Copper  Co.,  Hayden,  Ariz. 

Kern  AN,  Thomas  H.,  School  of  Mines,  Experiment  Sta.,  Ilniv.  of  Nlinnesota, 

Minneapolis,     Minn. 
Klugescheid,  Walter  P 616  W.  113th  St.,  New  York,  N.  Y. 

KONSELMAN,      ALBERT      S Globc,    AtIz. 

Levy,  Milton  M 625  Cache  la  Pouche  St.,  Colorado  Springs,  Colo. 

Maycumber,  W.  R Chile  Exploration  Co.,  Chuquicamata,  Chile. 

NoGUES,     Domingo Tampico.     Mexii^o. 

Prior,  Charles  E La  Blanca  y  Anexas  Mina,  Pachuca^  HdKi.,  Mexico. 

Roberts,  Edward  J Gen'l  Mgr.,  Nevada  Pyramind  Min.  Co.,  Riverside  Hotel. 

Reno,  Nev. 

Rogers,    B.    C Box   233,    Mullin,    Tex. 

Ross,  Herbert  W 314  Pacific  Ave.,  Piedmont,  Oakland,  Cal. 

Simpson,    Kenneth   M 57   Post   St.,   San   Francisco,    Cal. 

Stickney,  William  H 708  N.  Center  St.,  Reno,   Nev. 

Tong,  Sing  Kow 404  W.   115th  St.,   New  York.   N.   Y. 

Van  Rensselaer,  Arthur  M 119  E.  51st  St.,  New  York,  N.  Y. 

Woo,  W.  K M  70  Sing  Kong  Li,  Minghong  Road,  Shanghai,  China. 

Young,  Lewis  E 619  W.  Springfield  Ave.,  Champaign,  111. 


Necrology 

(Sec  also  "Died  in  Service.") 

The  deaths  of  the  following  members  were  reported  to  the  Secre- 
tary's office  during  the  month  July  10,  1918,  to  Aug.  10,  1918. 

Date  of 

Election.  Name.                                                              Date  of  Death. 

1910  Camahan,  R.  B.,  Jr 1918. 

1911  Dodge,  David  C 1918. 

1901  Irving,  John  Duer July  26,   1918. 

1896  Mackay,  Angus  R 1918. 

1899  Righter,  Thomas  M July  12,    1918. 

1915  Ringlund,  S July  24,    1918. 
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Candidates  for  Mbbibership 

Appucation  for  Membership. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glanc- 
ing through  the  list  of  applicants  and  promptly  notifymg  the  Committee  on  Member- 
ship, or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 


Applications  Lacking  Endorsement 

Applications  for  membership  have  been  received  from  Mr.  Hogg^ 
Mr.  Teale  and  Mr.  Wilkie,  whose  records  are  given  below.  These  ap- 
plications lack  the  necessary  number  of  endorsers,  but  since  these  candi- 
dates live  at  some  distance  from  the  headquarters  of  the  Institute, 
their  records  are  published  here  in  order  that  any  members  who  are  ac- 
quainted with  them  may  be  advised  of  the  circumstances  and  may  have 
an  opportunity  of  writing  to  the  Secretary  endorsing  these  candidates. 


Members 

James  Hogg,  Euboea,  Greece. 

Proposed  by  P.  D.  Ahier. 

Bom  1871,  Lanarkshire,  Scotland.  Hutchesontown  Grammar  School,  Glasgow. 
Gla^ow  Technical  College.  Member,  Institute  of  Min.  and  Met.  and  Federated 
Institute  of  Min.  Engrs.  1800-95^  Min.  Apprentice,  McCreaths  &  Stevenson,  Glas- 
gow. 1895-97,  Underground  Colliery  Mgr.,  Podmore  Hall  Collieries,  Staffordshire. 
1897-1904,  Mines  Mgr.,  AznalcoUar  Mines,  Seville  Sulphur  &  Copper  Co.,  Seville, 
Spain.  1904-11,  Mgr.,  lieredia  Lead  Mines,  Linares,  Spain.  1911-17,  Mgr.,  Anglo- 
Greek  Magnesite  Co.,  Ltd. 

Present  position :  Director  and  Mgr.,  Anglo-Greek  Magnesite  Co.,  Ltd. 

Donald  Cook  Wilkie,  Serembau,  Federated  Malay  States. 

Proposed  by 

Bom  1879,  Dundee,  Scotland.  Brothers'  school,  Penang,  Straits  Settlements; 
Baptists'  School,  Rangoon,  Burmah;  Donaldson's  School,  Dundee,  Scotland;  1890- 
92,  Wallacetown  School,  Dundee,  Scotland.  1892-98,  Mechanical  and  electrical 
construction  and  repair  work;  engr.  experience;  drafting  room;  shop  at  sea,  Ross  & 
Wilkie,  Scotland.  1898-99,  Asst.  Engr.,  China  Borneo  Co.,  Ltd.,  Sandakan,  B.  N., 
Borneo.  1901-03,  Salvage  Dept.,  Tangong  Pagar  Dock  Co.,  Ltd.,  Singapore.  1903- 
10,  Engr.,  Pyritical  Ore  Installation,  Sungei  Besi  recovery  of  tin  stone  from  arsenical 
and  sulphiurous  ores.  The  Straits  Trading  Co.,  Ltd.,  Sungei  Besi,  Malay  States. 

Present  position — 1910  to  date:  Supt.  Engr.,  Linggi  Plantations  Ltd. 

Associate 

James  Willie  Teale,  Euboea,  Greece. 

Proposed  by  P.  D.  Ahier. 

Bom  1882,  Leeds,  England.  1886-90,  General  education,  Leeds  School  Board. 
1890-95,  Ossett  School,  near  Wakefield.  1895-1902,  Ossett  Technical  School,  full 
engr.  course,  science  and  art,  South  Kensington,  obtaining  Advanced  Certificates. 
Correspondence  courses.  1898-1903,  Apprenticed  to  Bradley  &  Craven,  Ltd.,  Engrs., 
Iron  &  Brass  Foundries,  Wakefield,  England.  1904-06,  Asst.  to  mech.  and  elec.  engr., 
Old  Roundwood  Collieries,  Wakefield,  England.  1907,  Asst.  to  mech.  and  elec.  engr., 
Hoyland  Lilkstone  Collieries,  Ltd.,  Bamsiey.  1908,  Asst.  to  mech.  and  elec.  engr., 
Bullcroft  Main  Collieries,  Doncaster:  England. 

Present  position:  Mech.  Engr.,  The  Anglo-Greek  Magnesite  Co.,  Ltd. 
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The  following  persons  have  been  proposed  during  the  period  July  10, 
1918,  to  August  10, 1918,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates, 
from  whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  period  (varying  in  the  discretion  of  the  Conmiittee,  accord- 
ing to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception 
of  such  communications,  before  any  action  upon  these  names  by  the 
Conamittee.  After  the  lapse  of  this  period,  the  Committee  will  recom- 
mend action  by  the  Board  of  Directors,  which  has  the  power  of  final 
election. 

Members 

Edward  John  Albert,  Toronto.  Canada. 

Proposed  by  A.  G.  Kirby,  A.  H.  Brown,  John  A  Rice. 

Born  1882,  Ingham  Mills,  N.  Y.  Granunar  and  High  Schools,  Cleveland. 
International  and  American  Correspondence  Course.  Four  years,  Toronto  Technical 
School,  chem..  geoL,  mineralogy  and  met.  Private  instruction.  1899-1908,  factory, 
office  and  field  work,  Ingersoll-Sergeant  Drill  Co.  1908-11,  Eng.  design  and  installa- 
tion, Ingersoll-Sergeant  Co.  and  Allis-Chalmers  Bullock.  Ltd.,  Western  Canada. 
1911-13,  Eng.  design  and  installation,  Canadian  Allis-Chalmers,  Ltd.,  and  Canadian 
General  Electric  Co.,  Cobalt  and  Porcupine  Dist.  1913-15,  Mgr.  mining  dept., 
Canadian  AlUs-Chalmers,  Ltd.,  Toronto. 

Present  position — 1915  to  date:  Mgr.,  mining  and  power  dept.,  Canadian  Allis- 
Chalme'rs,  Ltd. 

Frank  D.  AUer,  Pueblo.  Colo. 

Proposed  by  E.  P.  Matnewson,  P.  A.  Mosman,  Judd  Stewart. 

Bom  1867,  Bushnell,  111.  1887,  E.  Denver  High  School.  1902,  Grad.,  Colorado 
School  of  Mines,  M.  E.  1897-1900,  Chem.,  Perth  Amboy  plant,  M.  Guggenheim's 
Sons  refinery.  1900-02.  Chem.,  American  Smelt.  &  Refin.  Co.,  Antofagasta,  Chili, 
S.  A.     1909-14,  Mgr.,  Gfatico  Min.  Co.,  Gatico,  Chih. 

Present  position — 1902  to  date:  Ore  purchasing  agent,  American  Smelt.  &  Refin. 
Co.,  S.  A. 

Charles  Armstrong  Baker,  Anaconda,  Mont. 

Proposed  by  W.  H.  Casto,  Jr.,  Louis  V.  Bender,  Bayard  S.  Morrow. 

Bom  1884,  Ft.  Madison,  Iowa.  1899-1903,  Grad.,  Ft.  Madison  Iowa  High  School. 
1904-08,  Grad.,  Missouri  School  of  Mines,  B.  S.  1909.  Sampler,  Utah  Copper  Co., 
Garfield,  Utah.     1910-13,  Nevada  Cons,  concentrator  in  power  house  work. 

Present  position — 1915  to  date:  Leaching  foreman,  leaching  plant,  Anaconda 
Copper  Min.  Co. 

Harold  Alexander  Baxter,  Tacony,  Philadelphia,  Pa. 

Proposed  by  A.  A.  Stevensqn,  Orville  C.  Skinner,  R.  M.  Bird. 

Born  1887,  Wilkes-Barre,  Pa.  1909,  Univ.,  of  Michigan.  B.  Sc.  1909-11,  Met. 
Eng.,  H.  H.  Franklin  Auto  Co.,  Syracuse,  N.  Y.  1911-13,  Sales  Dept.  Met.,  Midvale 
Steel  Co.,  Philadelphia,  Pa.  1913-15,  Asst.  Supt.;  1915-17,  Supt.,  Ordnance  Treat- 
ment  Dept.,  Midvale  Steel  Co. 

Present  position — 1917  to  date:  Met.  Eng.  and  Operation  Supt.,  Tacony  Ord- 
nance Corpn. 

Clarence  Allen  Botsford,  Crested  Butte,  Colo. 

Proposed  by  S.  J.  Kidder,  D.  B.  Scott,  H.  P.  Bowen,  A.  M.  Howat. 

Bom  1885,  Springyille,  N.  Y.  1904.  Grad^  Griffith  Institute,  Springville,  N.  Y. 
1904-06,  Rodman,  office  asst.,  Engr.  Dept.,  Centennial  Copper  Co.,  Allouez  Min 
Co.,  Old  Colony  Copper  Co.,  Mayflower  Mm.  Co.,  Calumet,  Mich.  1906-09,  Michigan 
College  of  Mines,  Houghton,  Mich.,  B.  S.  and  E.  M.  1909-13,  Supt.,  Sombrero  Devel- 
opment Co.,  Globe,  Ariz.  1913  (summer),  Engr.,  Miami  Copper  Co.,  Miami,  Ariz. 
1913-14,  Engr.  office.  Globe.  Ariz.  1914  (summer),  Chem.,  Superior  &  Boston  Coppier 
Co.,  Copper  Hill,  Ariz.  1914-17,  Engr.,  Ernestine  Min.  Co.  and  Mogollon  Mines 
Co.,  Mogollon,  N.  M.  1917  (summer),  Supt.,  Caribel  Min.  &  Mill.  Co.,  Red  River 
N.  M. 

Present  position — 1917  to  date:  Supt.,  Mogollon  Mines  Co. 
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Richard  Stuart  Burdette»  San  Antonio,  Tex. 

Proposed  by  E.  Francis  McCrossin.  J.  S.  Shaw,  J.  C.  Maben,  Jr. 

Bom  1884,  Edgewater,  N.  J.  1907,  School  of  Mines,  Columbia  Univ.,  E.  M. 
1906,  summer,  civil  eng.  for  Broderick  &  Wind  CJons.  Co.,  West  Point,  N.  Y.  1907-08, 
shift  boss,  underground  mill  and  cyanide,  Mexico  Mines  of  El  Oro,  Ltd.,  El  Oro,  Mex. 
1908,  Prospecting  over  S.  W.  of  state,  Jal.,  Mex.  1908-10,  Asst.  Supt.,  Keystone 
copper  smelter,  Tapalpa,  Jal.,  Mex.  1910-11,  Mgr.,  Utah  Lead  Min.  Co.,  Montello, 
Nev.;  also  Deputy  Mineral  Surveyor,  Utah.  1911-17,  Prof,  business  for  self, 
Guadalajara,  Jal.,  Mex.  1915-16,  Kepresented  Carranza  and  Villa  Governments, 
(not  both  at  same  time)  on  exportation  of  mineral  products  from  Jalisco. 

Present  position — 1917  to  date:  Capt.,  Ordnance,  R.  C. 

George  Nelson  Collins,  San  Juancito,  Honduras. 

Proposed  by  Paul  R.  Cook,  W.  B.  Longan,  A.  R.  Gordon. 

Bom  1883,  Akron,  Ohio.  1890-99,  Public  schools,  Toronto,  Canada.  1899-1903, 
Home  study  and  private  tutor.  1903-04,  Instructions  in  engrg.  and  surveying. 
1903,  Mucker,  carman,  miner,  Calumet  &  Arizona  Min.  Co.,  Bisbee,  Ari«.  1903-06, 
Hand  driller,  miner,  machineman,  Cananea  Cons.  Copper  Co^  La  Cananea,  Mex. 

1906,  Machineman,  timberman.  Green  Gold  &  Silver  Min.  Co.,  Conchena,  Mex. 

1907,  Shift  boss,  Reforma  Min.  k  Mill.  Co.,  Campo  Morado,  Mex.  1908,  Shift  boss, 
Mexico  Mines  of  El  Oro,  El  Oro,  Mex.  1909,  Shift  boss,  Amalgamated  Gold  Mines 
Co.,LaLuz,  Mex.  1910,  Contr.,  Backus  k  Johnson  Min.  Co.,  Casapalca,  Peru,  S.  A. 
1911,  Prospecting  star  chum  drill,  Chile  Copper  Co.,  Chuquicamata,  Chile,  S.  A. 
1911-16,  Shift  boss,  Penn  Copper  Co.,  Campo  Seco,  Cal.  1917,  Shift  boss,  Cananea 
Cons.  Copper  Co. 

Present  position — 1917  to  date:  Mine  shift  boss,  New  York  &  Honduras  Rosario 
Min.  Co. 

Arthur  Lacey  Court,  San  Francisco,  Cal. 

Proposed  by  W.  G.  McBride,  Walter  Harris,  Edward  H.  Nutter. 

Bom  1887,  Manchester,  England.  1904-06,  Tutor.  1906-08,  Municipal  School 
of  Technology,  Manchester,  England.  1908-12,  Grad.,  Victoria  Univ.,  Manchester, 
England,  B.  Sc.,  University  certificate  of  special  proficiency  in  engrg.  subjects, 
1913,  Associate  Member,  Australian  Institute  of  Mining  Engineers.  1912-14. 
Engrg.  staff,  Asst.  Engr.,  erection  slime  concentrator  and  installation  mach. ;  1914, 
Asst.  in  charge  slime  concentrator;  1914-15,  Flotation  foreman,  in  charge  general 
ftotation  operations  and  experimental  research :  1916-17,  Asst.  Supt.,  general  met. 
operations,  Sulphide  Corpn.,  Broken  HiU,  N.  S.  W.,  Australia. 

Present  position — 1917  to  date:  Member  engr.  staff.  Minerals  Separation,  North 
American  Corpn. 

Charles  Edwards,  Murray,  Utah. 

Proposed  by  E.  C.  Hickman,  C.  W.  Adams,  B.  N.  Kilbourn. 

Bom  1882,  Manchester,  England.  1904,  Grad;,  Univ.  of  111.,  B.  S.  1904^7, 
Asst.  Chem.  and  Assayer,  National  Plant,  American  Smelt.  &  Refin.  Co^  So.  Chicago, 
III  1907,  Chem.,  Aasayer  and  Bookkeeper,  Amador  Min.  &  Smelt.  Co.,  Iron  Mt., 
Mont.  1907-08;  Asst.  Chem.,  East  Helena  Plant,  American  Smelt.  &  Refin.  Co., 
East  Helena,  Mont.  1908-09,  Chief  Chem.,  Idaho  Smelt.  &  Refin.  Co.,  Ponderay, 
Ida.  1909,  Chem.  and  Sampler  at  mine  and  miU,  Tinton  Reduction  Co^  Tinton,  So. 
M.  1911-12,  Asst.  Chem.,  Tacoma  Plant,  American  Smelt.  &  Refin.  Co.,  Tacoma, 
Wash.  1912-14,  Asst.  Chem.,  National  Plant,  American  Smelt.  &  Refin.  Co.,  So. 
Chicago,  HI. 

Present  position — 1914  to  date:  Chief  Chem.  and  Asst.  Met.,  Murray  Plant, 
American  Smelt.  &  Refin.  Co. 

Oliver  Jones  Egleston,  Salt  Lake  City,  Utah. 

Proposed  by  Sidney  J.  Jennings,  L.  D.  Anderson,  Ernest  Gayford. 

Bom  1877.  Wykoff,  Minn.  1900,  Minnesota  School  of  Mines,  E.  M.  1900-01, 
praftsman,  George  K.  Fischer,  Cons.  Engr.  1901-18,  Engr.  dept.,  United  States 
Smelt.,  Refin.  &  Min.  Co. 

Prwent  position:  Chief.  Eng.,  United  States  Smelt.,  Refin.  &  Min.  Co. 

Frank  Francett  Espie,  Upper  Burma,  Asia. 

Proposed  by  T.  E.  Mitchell,  Arthur  W.  Jenks,  Allan  B.  Calhoun. 
Bom  1890,  Adelaide.     1902-08,  St.  Peter's  Collegiate  School,  Adelaide.     1908-13, 
Adelaide  Univ.  and  South  Australian  School  of  Mines,  graduating  as  Bachelor  of 
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Engineering  and  Fellow,  S.  A.  S.  M.  191 1,  Underground,  Golden  Horseshoe  Estates, 
Kalgoorlie;  1912,  Timberman;  1913-14,  Flotation  plant,  British  Broken  Hill  Prop., 
Ltd^  Broken  Hill.     1914,  Asst.  surveyor,  Burma  Mines,  Ltd. 

Present  position — 1915  to  date:  Mine  surveyor,  charge  of  survey  section,  min. 
dept.,  Burma  Mines,  Ltd. 

George  Clark  Gester,  San  Francisco,  Cal. 
Proposed  by  E.  G.  Gaylord,  J.  A.  Taff,  M.  E.  Lombardi. 

Bom  1884,  Buffalo,  N.  Y.  1904-08,  Univ.  of  Cal.,  min  and  geol.,  B.  S.  1908-09, 
Asst.  Instr.  Mineralogy,  Univ.  of  Cal.     1909-14,  Geol.,  Southern  Pacific  Co.     1914r- 

16,  Geol.,  charge  of  exploration  work,  Peru,  S.  A.,  for  Standard  Oil  Co.,  N.  Y.     1916- 

17,  Independent  min.  and  geol.  work. 

Present  position — 1917  to  date:  Geol.,  Standard  Oil  Co. 

Ernest  Howard  Greiff^  Northern  Shan  States,  Upper  Burma. 

Proposed  by  T.  E.  Mitchell,  Arthur  W.  Jenks,  AUan  B.  Calhoun. 

Bom  1884,  Scotland.  1898-1902,  Brighton  Grammar  School,  Melbourne,  Vic, 
Australia.  1903-07,  Grad.,  Melboume  Univ.,  M.  E.  1908-10,  Underground,  Oroya 
Brownhill  Co.,  milhng  dept..  Lake  View  Consuls  (Lake  View  &  Star)  Kalgoorbe. 
1910-11,  Surveyor,  Vivien  Gold  Min.  Co.,  Lawlers,  W.  Australia.  1911-12,  Surveyor, 
head  office,  Bewick  Moreing  &  Co.,  Kalgoorlie,  W.  Australia.  1912-15,  Chief 
Mine  Surveyor.     1916,  Mine  Foreman,  Burma  Mines,  Ltd. 

Present  position — 1917  to  date:  Asst.  Mine  Supt.,  Burma  Mines,  Ltd. 

John  A.  Hendricks,  Chuquicamata,  Chile,  S.  A. 

Proposed  by  James  E.  Bell,  Warren  D.  Thompson,  F.  E.  Starr. 

Bom  1889,  Abeline,  Kan.  1896-1904,  Grammar  school,  Pomona,  Cal.  1904-08, 
High  school,  Los  Angeles,  Cal.  1914,  Univ.  of  Califomia,  Berkeley,  Cal.,  B.  S. 
1909,  summer,  Eng.  Dept.,  City  of  Los  Angeles.  1910,  summer,  Harper-Hill  Brick 
Co.,  Seattle,  Wash.  1911,  summer,  Los  Angeles  aqueduct.  1912,  United  States 
Reclamation  Service^  Yuma,  Ariz.  1913,  summer.  North  Star  mine.  Grass  Valley, 
Cal.  and  Gaston  mme,  Gaston  Ridge,  Cal.  1914,  summer.  Empire  mine,  Grass 
Valley,  Cal.  1915-16,  Surveying,  sampling,  assayer  and  specimen  boss,  cyanide 
plant,  Empire  Mines  Co.,  Grass  Valley,  Cal. 

Present   position — 1916   to   date:  In   charge  of   sampling   and  assaying  dept., 
Chile  Exploration  Co.,  Dept.  of  Mines. 
• 

Herreros  P.  Hector,  Santiago  de  Chile,  S.  A. 

Proposed  by  F.  A.  Sundt,  I.  Gandarillas,  Berthold  Koerting. 

Born  1890,  Ovalle.     1910,  Lyceum  of  Serena.     1910-15,  Univ.  of  Chile.     1916, 
Grad.,  Univ.  of  Chile,  E.  M. 

Present  position — 1917  to  date:  Eng.,  The  Chilian-Bolivian  Mining  Sjrndicate. 

Austin  Taber  Hyde,  Keokuk.  la. 

Proposed  by  R.  G.  Hall,  J.  A.  Caselton,  C.  A.  Grisham. 

Bom  1880,  Boston,  Mass.  1901,  Grad.,  Mass.  Inst,  of  Technology,  B.  S.  1901-02, 
Chem.;   1902-15,    Asst.   Supt.;  1915-17,  Supt.;  Fort   Hill  Chemical  Co.,  Boston, 

Mass. 

Present  position:  Mgr.,  Keokuk  Plant,  River  Smelt.  &  Refin.  Co. 

Herman  Norton  Johnson,  Salt  Lake  City,  Utah. 

Proposed  by  James  F.  Kemp,  Walter  Douglas,  Horace  V.  Winchell. 

Bom  1879,  Binghamton,  N.  Y.     1899,  Grad.,  Binghamton  Central  High  School 
1903,  Amherst  College,  Amherst,  Mass.,  B.  A.     1906,  Columbia  School  of  Mines 
New  York,  E.  M.  and  M.  A.     1906-07,  Asst.  geol.,  Anaconda  Copper  Min.  Co.* 
Butte,    Mont.     1907,    Asst.  supt.,    Deerlodge  mines,   Deerlodge,    Mont.     1907-l6' 
Expert  miner.  United  States  Forest  Service,  chiefly  in  Mont.,  Utah,  Ariz.,  and  New 
Mexico.     1910-11,  Geol.,  Progress  mines  of   New  Zealand.     1911-13,  Gen'l  Supt 
Cons.  Gold  Fields  of  New  Zealand.     1913-16,  Geol.,  Burro  Mt.  Copper  Co.,  Tyrone^ 
New  Mexico. 

Present  position — 1916  to  date:  Geol.,  United  States  Smelt.  Refin.  &  Min.  Co. 

Ernest  C.  Koch,  Westmount,  P.  Q.,  Canada. 
Proposed  by  T.  E.  Mitchell,  Arthur  W.  Jenks,  Allan  B.  Calhoun. 
Bom  1890,  Chicago,  111.     1911,  McGill  Univ.,  Montreal,  B.  Sc.     1909,  Miner 
Canadian  Copper  Co.,  Creighton,  Ont.,  Canada.     1910,  Experimental  milling  plant' 
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CoDfl.  Min.  k  Smelt.  Co.,  Moyie,  B.  C.  1911-14,  Draftsman,  aast.  to  underground 
mine  mgr.  and  supt.,  charge  of  tunnel  operations,  Nova  Scotia  Steel  k  Coal  Co., 
Wabana,  Newfoundland. 

Present  position — 1914  to  date:  Shift  boss,  Bawdwin  mine,  Burma  Mines,  Ltd., 
Xamtu,  Asia. 

Edward  William  Lawler,  Bayonne,  N.  J. 

Proposed  by  R.  B.  T.  Kiliani,  Fred  L.  Wolf,  A.  P.  Watt,  H.  W.  Hardinge. 

Bora  1878,  Jersey  City.  N.  J.  Pratt  Institute,  Brooklyn,  N.  Y.  1903-08, 
Salesman  and  eng..  Abbe  £ngr.  Co.,  New  York,  N.  Y.  1908-11,  Mgr.,  Hardinge 
Conical  Mill  Co.,  New  York,  N.  Y.  1911-13^upt.,  Kenilworth  Rubber  Co.,  defunct. 
1913-15,  Gaining  experience,  Worthington  Pump  Works;  £ngr.  Salesman,  Jeffrey 
Mfg.  Co. 

Present  position — 1916  to  date:  Mgr.  Hardinge  Conical  Mill  Co. 

James  McFarlane  Little,  Towanda,  Pa. 

Proposed  by  Charles  P.  Berkey.  James  F.  Kemp,  Alfred  J.  Moses. 

Bom  1885,  Towanda,  Pa.  1903r^,  Civil  Engr.  course,  Pennsylvania  Military 
College,  Chester.  Pa.  1904-07,  Columbia  Univ.,  E.  M.  1907.  Eng.,  Salt  Lake  Cop- 
per Co.,  Tecoma.  Nev.  1908,  Eng.,  Octave  Gold  Min.  Co.,  Octave,  Aria.  1908-09, 
Eng.  constr.,  Phillips  River  Gold  &  Copper  Co.,  West  Australia.  1910,  Engrg.  Dept., 
Copper  Queen  Cons.  Min.  Co.,  Bisbee,  Ariz.  1910-13,  Geol.  Dept.,  Cananea  Cons. 
Copper  Co^  Cananea,  Mex.  1913^14,  Geol.  survey  of  property,  Moctezuma  Arizpe 
Dev.  Co.,  Cananea,  Mex.  1915,  Engrg.  Dept.,  Braden  Copper  Co.,  Chile.  1916- 
17,  Mme  exam.,  M.  Hochschild,  Chile. 

Present  position:  First  Lieut.,  E.  R.  C. 

Michael  H.  Loveman,  Nam  Tu,  Northern  Shan  States,  Burma. 

Proposed  by  T.  E.  Mitchell,  Arthur  W.  Jenks,  Allan  B.  Calhoun. 

Bom  1888,  Summit,  N.  J.  1906-09,  Columbia  Univ^  A.  B.  1909-10,  M.  A. 
1910,  peveland  Min.  Co.,  Hazel  Green,  Wis.  1911-12,  Geol^  Miami  Copper  Co., 
Miami,  Ariz.  1912,  Charge  development  of  gold  prospect,  Osceola,  Nev.  1913. 
Charge  Cleveland  Uold  Min.  Co.,  Diyden,  Ont.  1913,  Exam,  work  in  Ont.  and 
Tenn. 

Present  position — 1914  to  date:  Chief  Geol.,  Burma  Mines,  Ltd. 

Edward  E.  Mclntyre,  Los  Angeles  jGal. 

Proposed  by  Alvin  B.  Carpenter,  W.  F.  Staunton,  C.  O.  Lindberg. 

Bom  1880,  Flint,  Mich.  1901,  Grad.,  Michigan  College  of  Mines.  1901-02, 
Eng.,  Oliver  Min.  Co.,  Hibbing,  Minn.  1902-^6,  Min.,  personally  owned  properties, 
Sta.  Barbara,  Mex.  1906-08,  Supt.,  Minas  Tecotas  y  Anexas,  Sta.  Barbara,  Mex. 
1908-13,  Mgr.,  Guanajuato  Dev.  Co^  Guanajuato,  Mex. 

Present  position — 1913  to  date:  (Jons.  Engr. 

Donald  Robert  MacKay,  Leadwood,  Mo. 

Proposed  by  Benedict  J.  Baker,  James  A.  Caselton,  R.  G.  Hall. 

Bom  1«88.  Denver,  Colo.  1903-07,  North  Denver  High  School.  1907-12, 
Colorado  School  of  Mines,  E.  M.  1912-13,  Electr.,  Excelsior  Min.  Co.,  Frisco,  Colo. 
1913-14,  Chem.,  Arizona  United  Min.  Co.,  Johnson,  Aria.  1915,  Chem.,  El  Rayo 
Development  Co.^  Sta.  Barbara,  Mex.  1915-16,  Nliner,  Tombstone,  Ariz.  1916, 
AsBt.  eng.,  Detroit  Copper  Min.  Co.,  Morenci,  Ariz.  1916-17,  Chem.  and  eng., 
Ellamar  Min.  Co.,  Ellamar,  Alaska.     1917,  Millman,  Wallace  and  Mullan,  Idaho. 

Present  position:  Eng.,  Baker  Lead  Co.,  Leadwood,  Mo. 

Hany  J.  Meiael,  Butte,  Mont. 

Proposed  by  W.  D.  Mangam,  W.  C.  Siderfin,  E.  B.  Young. 

Bom  1881.  San  Francisco,  Cal.  High  School,  San  Francisco  Cal.  1898-99,  Van 
dcr  Naillen  School  of  Mines,  San  Francisco,  Cal.  1900,  Falkenan  Technological 
laboratory,  San  Francisco,  CaL  1901,  Asst.  Supt.,  Great  Western  Quicksilver  Min. 
Co.,  Cal.  1902-04,  Aasayer  and  chem..  Rawhide  Gold  Min.  Co.,  Cal.  1905-07, 
Mm.  Eng.,  New  York  Honduras  Rosario  Min.  Co.,  C.  A.  1908,  Field  asst.,  U.  S.  Geol. 
Survey.  1909,  Supt.,  Rawhide  Gold  Min.  Co..  Cal.  1910,  Mill  supt..  War  Eagle 
Mm.  Co.,  Nev.  1911-14,  Field  eng..  West  End  Cons.  Min.  Co^  Nev.  1915,  Supt., 
Independent  Lead  Silver  Min.  Co.,  Cal.  1915-18,  Min.  eng..  Elm  Orlu  Mm.  Co., 
Butte,  Mont. 

Present  position:  Litigation  and  efficiency  eng.,  Elm  Orlu  Min.  Co. 


xl  Monthly  Bulletin  No.  141,  September,  1918 

Tomotoshi  Nabeshima,  Yabu-Gun,,  Hyo|o-Ken,  Japan. 

Proposed  by  Shinji  Harada,  Ichiro  Kamimura,  C.  Kato. 

Bom  1888,  Saga-Ken,  Japan.  1903-08,  Middle  School,  Japan.  1908-11, 
High  School,  Nagoya,  Japan.  1911-14,  Tokyo  Imperial  Univ.,  Japan.  1914,  Min. 
en^..  Metal  Min.  Dept.,  Mitsubishi  Co.,  Tokyo,  Japan.  1914-16,  Min.  eng., 
Mitsubishi  Akenobe  Mine. 

Present  position— 1916  to  date:  Supt.  of  mines,  Mitsubishi  Akenobe  mine. 

William  Hunt  Nutting,  Anaconda,  Mont. 

Proposed  by  Frederick  Laist.  Louis  V.  Bender,  Harry  S.  Ware. 

Bom  1859,  Jacksonville,  111.  1880,  Assav  office,  Lake  City,  Colo.  1882-87, 
Assayer  and  chem.,  E^in  smelter,  Leadville,  Colo.  1888-90,  Reporting  on  smelting 
propositions,  several  different  places.  1891,  Asst.  to  W.  L.  Austin,  making  pyritic 
test-mn,  Leadville,  Colo.  1892-1900.  Supt..  Bi-metallic  smelter,  Leadville.  Colo. 
1901-06,  Designed,  built  and  operated,  Bingnam  Copper  &  Gold  smelter,  Midvale, 
Utah. 

Present  position — 1906  to  date:  Supt.  of  tramming  and  weighing  dept., Washoe 
Reduction  Works,  Anaconda  Copper  Mm.  Co. 

Raymond  William  Parsons,  Grass  Valley,  Cal. 

Proposed  by  Robert  H.  B^ord,  Arthur  B.  Foote,  John  E.  Hogan. 

Bom  1888.  Grass  Valley,  Cal.  1902-06,  Grass  Valley  High  School.  1906^-09, 
Univ.  of  Caliiomia.  1909-13,  Shiftman;  1913-14,  Assayer;  1914r-17,  Foreman, 
cyanide  plants.  North  Star  Mines  Co.,  Grass  Valley,  Cal. 

Present  position — 1917  to  date:  Surveyor,  North  Star  Mines  Co. 

Carl  Bruno  Peters.  Washington,  D.  C. 

Proposed  by  Charles -H.  Smith,  Newell  W.  Roberts,  C.  T.  Malcolmson. 

Born  1887,  Davos,  Switzerland.  Public  and  high  schools.  New  York,  N.  Y. 
1902-17,  Dir.,  Treas.  and  Sec,  Charles  F.  Garngues  Co.,  New  York,  N.  Y. 

Present  position — 1917  to  date:  Capt.,  U.  S.  R.,  Head  Explosives  Section,  Pro- 
curement Div.,  U.  S.  Army. 

James  Gilbert  Powell,  Lew  Hazelton,  B.  C. 

Proposed  by  Arthur  E.  Hepburn,  George  A.  Clothier.  H.  E.  Clement. 

Bom  1889,  London,  England.  1895-1901,  Chadwell  School,  Essex,  England. 
1901-02,  Ilford  High  School,  Ilford,  England.  1902-06,  Carpenters  Technical  In- 
stitute, Stratford,  London.  1908-11,  Prospecting  and  studying  coal  occurrences, 
Alberta,  Can.  1911-12,  Assayer,  Mount  Stephen  Min.  Co^  Field,  B.  C,  1912-13, 
HasQuett  Island  Min.  Co^and  Red  Cliff  Min.  Co.,  Stewart,  B.  C.  1913-16,  Assayer, 
J.  O  Sullivan,  F.  C.  S.,  Custom  practice,  Vancouver,  B.C. 

Present  position — 1916  to  date :    Private  practice  as  provincial  assayer  and  chem. 

Samuel  Bruce  Shutts,  Lynchburg,  Va. 

Proposed  by  W.  A.  Stanton,  B.  G.  Klugh,  A.  B.  Hardie. 

Bom  1883,  Joliet,  111.     Grad.,  Joliet  Township  High  School.     1902-07,  Stove- 
tender  and  foreman  of  blast  furnace;  1907-17,  Asst.  Supt.,  blast  furnace,  Illinois 
Steel  Co.,  Joliet,  HI.     1917-18,  Supt.,  Marietta  furnace,  Lavmo  Furnace  Co.,  Marietta, 
Pa. 
Present  position:  Supt.,  Oriskany  furnace,  Lavino  Fumace  Co. 

Wilhelm  Trevor  Swoyer,  Sneedville,  Tenn. 

Proposed  by  Edward  L.  Dufourcq,  Martin  Fishback,  Kirby  Thomas. 

Bom  1874,  Wilkes-Barre,  Pa.  1891-94,  Royal  Min.  Academy,  Freiberg,  Saxony, 
Germany.  1894-96,  Royal  Prussian  Min.  Academy,  Clausthal,  Prussia,  Germany. 
1896-97,  Preliminary  R.  R.  survey  and  asst.  eng.,  Compania  Metalurgica  Mexican  a. 
Sierra  Mojada,  Coah.,  Mexico.  1898-99,  Eng.,  San  I^fael  y  Anexas  and  Barones 
and  Vicochea,  Zacatecas.  Mex.  1899-1900,  Min.  Eng.,  Kansas  City  Cons.  Smelt. 
<&  Refin.  Co.,  Santa  Eulalia,  Chih.,  Mex.  1901-05,  Cons.  Eng.,  Parral  Mexico  in 
firm  Preusse  &  Swoyer  &  van  Dreveldt.  1905,  Gen'l  Supt.,  Cia.  Minera  Ignaeio 
Rodriguez  Ramos,  Cigarrero  mine^  Mex.  1906,  Cons,  eng.,  Mexico  City.  1907, 
Mgr.,  Presidente  mine,  Naica,  Chih.,  Mex.  1908-10,  Mgr.,  New  Year  Min.  Co. 
and  Sierra  Mojina  Min.  Co.,  Sierra  Mojina,  Chih.,  Mex.  1911-13,  Mgr.,  Estella 
mine,  Santa  Eulalia,  Chih.  for  Bainbridge,  Seymour  &  Co.  of  London;  Cons,  eng., 
El  Paso,  Texas.  1913-14,  Supt.,  Jarilla  Copper  Syndicate,  Orogrande,  N.  M. 
1915-16,  Independent  operator.  White  Oaks  and  Organ,  N.  M.  1916^17,  Mgr., 
United  Mines  Dev.  Co.,  Organ,  N.  M. 

Present  position — 1917  to  date:  Chief  Eng.,  Southland  Exploration  Co. 
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Seymour  Paul  Ward,  McGill,  Nev. 

Proposed  by  R.  E.  H.  Pomeroy,  M.  R.  Hull,  William  A.  McCay. 

Bom  1883,  Tabriz,  Persia.  1909,  Grad.,  Ohio  State  Univ.,  Columbus,  Ohio, 
C.  E.  1904-05.  Chem.,  Carnegie  Steel  Co.,  Zanesville,  Ohio.  1905,  Chem^  Alma 
Cement  Co.,  Wellston,  Ohio.  1909-10,  Ceramic  eng..  Big  Four  Clay  Co.,  Canton. 
Ohio.  1910-11,  Ceramic  eng.,  Simons  Brick  Co.,  Los  Angeles,  Cal.  1911-12,  Chief 
Chem.,  Durostone  Co.  of  America,  San  Dieso.  1912-16,  High  School  Teacher,  Los 
Angeles  City  Schools.  1916-17,  Supt.,  Glendale  Min.  Mill  &  Power  Co.,  Aurum,  Nev. 
1917-18,  Ceramic  and  exp.  eng.,  Nevada  Cons.  Copper  Co. 

Present  position:  Eng.  in  charge.  Pulverized  Coal  Dept.,  Nevada  Cons.  Copper  Co. 

Walter  Tictor  WHson,  CoultervUle,  Cal. 

Proposed  by  Nelson  Dickerman,  Newton  Cleaveland,  F.  A.  Gowing. 
.  Bom  1891,  Valleio,  Cal.     1910-12,  Stanford  Univ.,  Cal.     1913-15,  Mgr.,  Moccasin 
mine,  Moccasin  Min.  Co.     1915.  Examining  mines,  G.  fe.  Gamble,  Cal.,  Nev.  and  Utah, 
ftesent  Position — 1914  to  aate:  Asst.  Mgr.,  White  Gulch  Min.  Co. 


Associates 

ChtiiLg-yang  Cheo,  Erie,  Pa. 

Proposed  by  Charles  E.  Locke,  Edward  E.  Bugbee,  H.  O.  Hofman.  / 

Bom  1893,  China.  1910-13,  Tsing  Hua  College,  Peking,  China.  1914-18,  Massa- 
chusetts Institute  of  Technology,  S.  B. 

Present  position:  Inspector,  American  Brake  Shoe  and  Foundry  Co. 

David  Morey,  Jr.,  A.  E.  F. 

Proposed  by  J.  B.  Carlock,  Edward  Steidle,  T.  H.  Beddall. 

Bom  1885,  Troy,  N.  Y.  1891-1901,  Public  schools,  Troy,  N.  Y.  1901-02, 
Troy  Academy,  Troy,  N.  Y.  1903-06,  Rensselaer  Polytechnic  Inst.,  Troy,  N.  Y. 
190M)7,  General  Electric  Co.,  1907-09,  Chem.  and  bact..  City  of  Harrisburg, 
Harrisburg,  Pa.  1909,  Chem.  and  bact.,  Metro.  Sewage  Commission,  New  York, 
N.  Y.  1909-11,  Supt.,  Water  filtration,  Penn.  Water  Co.,  Pittsburgh,  Pa.  1911-12, 
Desim  of  purification  plants,  Dallas,  Texas.  1912-14,  Res.  eng.,  Dallas  water 
purification  plant.     1914-17,  Supt.,  water  purification,  Dallas,  Texas. 

Present  position :  1st  Lieut.  Engrs.  U.  S.  R. 

George  L.  Schmutz,  Douglas,  Ariz. 

Proposed  by  John  S.  Williams,  McHenry  Mosier,  S.  A.  Gardanier. 
Bom  1893.  Cumberland,  Md.     1907-11,  Grad.,  Alleghany  County  High  School. 
1911-12,  Stuaent,  Lehigh  University.     1912-13,  mucker  and  miner,  Butte,  Mont. 

1914,  Irrigation  eng..  Miller  &  Lux,  Los  Banos,  Cal.     1914,  City  Ene.,  Niland,  Cal. 

1915,  Asst.  constr.  eng.,  I.  W.  Co.-3,  Calipatria,  Cal.     1915-16,  uncferground  eng., 
Los  Pilares  mine.     1916,  Miner,  Bisbee  ana  Globe,  Ariz. 

Present  position — 1917  to  date:  Member  of  firm,  Schmutz  &  Rugen. 

James  Hammond  Townsend,  Kingman,  Ariz. 

Proposed  by  George  W.  Mark,  R.  C.  Jacobson,  G.  W.  Kays. 

Bom  1893,  Los  Angeles,  Cal.  1910-12,  Los  Angeles  High  School.  1913,  Univ. 
So.  Cal.  Prep.  School.  1914,  Univ.  So.  Cal.  College  of  Law.  1915-16,  Dir.  Tungsten 
Mines  Co.,  operating  at  Bishop  and  Kingman,  Ariz.  1917,  Operated  manganese 
property  near  Ludlow,  Cal. 

Present  position — 1917  to  date:  Operating  tungsten  property. 

Arthur  A.  Wheeler,  Peru,  S.  A. 

Proposed  by  Stuart  L.  Rawlings,  E.  E.  Barker,  J.  T.  Glidden, 

Bom  1892,  Crested  Butte,  Colo.     1898-1904,  Grade  schools,  Crested  Butte  & 

I>enver,  Colo.     1906-07,  High  schools,  Denver,  Colo.     1908-11,  General  Course; 

1912,  Chem.  and  math.,  Jesuit  College,  Denver,  Colo.     1911,  summer,  millman, 

1912,  Assayer  and  millman,  Revenue  Tunnel,  Sneffles,  Colo.     1913,  Amalgamator. 
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Liberty  Bell  Min.  Co.,  Telluride,  Colo.;  Chem.and  melter,  Golden  Flint  Min.  &  Mill. 
Co.,  Rollinsville,  Colo.  1914.  3  mo.,  bullion  melter,  amalgamator  and  millman, 
Liberty  Bell  Min.  Co.,  Telluride.  Colo. 

Present  position — 1914  to  date:  Concentrator  foreman  and  testing,  Backus  & 
Johnston  Co. 

Otto  Leopold  Yauch,  Keewatin,  Minn. 

Proposed  by  W.  E.  Hopper,  F.  W.  Sperr,  Albert  J.  Houle. 

Bom  1896.  Houghton,  Mich.  1913-1916,  Grad.,  Michigan  College  of  Mines, 
Houghton,  Mich..  B.  S.  and  E.  M.  1916,  Asst.  Eng.,  Victoria  Min.  Co.,  Victoria, 
Mich.     1916-17,  Min.  Eng.,  Winona  Copper  Co.,  Winona,  Mich. 

Present  position — 1917  to  date:  Chief  Eng.,  Bennett  Min.  Co. 


Junior  Associates 

Wilbur  Swett  Burbank,  Amesbury,  Mass. 

Proposed  by  Charles  E.  Locke,  H.  O.  Hofman,  Carle  R.  Hayward. 
Bom  1898,  Amesbury,  Mass.     1916,  Mass.  Inst,  of  Technology. 
Present  position — 1916  to  date:  Student,  Mass.  Inst,  of  Technology. 

Richard  Sturtevant  Everit,  Barre^  Mass. 

Proposed  by  Charles  E:  Locke,  H.  O.  Hofman,  Carle  R.  Hayward. 
Bom  1897,  Framingham,  Mass.     1916,  Mass.  Inst,  of  Technology. 
Present  position — 1915  to  date:  Student,  Mass.  Inst,  of  Technology. 

George  Grimes  Heming,  Boston^  Mass. 

Proposed  by  Charles  E.  Locke,  H.  O.  Hofman,  Carle  R.  Hayward. 
Bom  1896,  Fort  Riley,  Kan.     1912-16,  Phillips  Exeter  Academy. 
Present  position — 1915  to  date:  Student,  Mass.  Inst,  of  Technology. 

Frederick  Lawther  Peart,  Cambridge,  Mass. 

Proposed  by  Carle  R.  Hayward,  Edward  E.  Bugbee,  Charles  E.  Locke. 
Bom  1895,  Picton,  Colo.     1910-14,  Warren  Academy.    1914-16,  Univ.  of  Denver. 
1915-16,  Univ.  of  Pennsylvania. 

Present  position — 1916  to  date:  Student,  Mass.  Inst,  of  Technology. 

James  Ward  Reis,  Jr.,  New  Castle,  Pa. 

Proposed  by  Carle  R.  Hayward,  Edward  E.  Bugbee,  Charles  E.  Locke. 
Bom  1896,  New  Castle,  Pa.     1902-10,  Public  schools.  New  Castle,  Pa.     1910-15, 
Hackley  School,  Tarrytown,  N.  Y. 

Present  position — 1916  to  date:  Student  Mass.  Inst,  of  Technology. 

Victor  Samoyloflf,  Briditon,  Mass. 

Proposed  by  Charles  E.  Locke,  Edward  E.  Bugbee,  Carle  R.  Hayward. 
Bom  1878,  Russia.     1898,  Gymnasium  Kursk,  Russia.     1898-1909,  Mining  Insti- 
tute, Petrograd. 

Present  position — Student,  Mass.  Inst,  of  Technology. 


Change  of  Status — Junior  Associate  to  Member 

Johannes  Coraelissen,  Arequipa,  Pem. 

Proposed  by  B.  B.  Thayer,  William  Braden,  R.  M.  Raymond,  E.  J.  Hall,  William 
Campbell. 

Bom  1891,  Amsterdam,  Holland.  1897-1909,  Grammar  and  high  schools, 
Amsterdam,  Holland.  1910-14,  School  of  Mines,  Columbia  Univ.,  E.  M.  1914. 
Assisted  Mr.  R.  V.  Norris,  examination  work.  1914-15,  Timberman,  drill  mnner  and 
shiftboss.  New  Jersey  Zinc  Co..  Franklin,  N.  J.,  1916,  Prospecting,  Colombia,  S.  A. 

Present  position — 1917  to  date:  Scout,  geol.  and  exammation  work.  The  Andes 
Exploration  Co. 
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BIOGRAPHICAL  NOTICES 

AMOS  PEASLEE  BROWN 

Amoe  P.  Brown,  Professor  of  Geology  and  Mineralogy  at  the  Uni- 
versity of  Pennsylvania,  and  a  member  of  the  Institute  since  1888^ 
died  at  Atlantic  City,  Oct.  9,  1917.  An  extended  biography,  by  his 
classmate  and  lifelong  associate,  Witmer  Stone,  was  published  in  the  Pro- 
ceedings  of  the  American  Philosophical  Society,  Vol.  57  (1918),  from  which 
the  following  brief  extracts  have  been  taken.  For  want  of  space,  we 
must  omit  reference  to  Professor  Brown's  extensive  and  valuable  work 
on  botany,  zoology,  paleontology,  and  physiology,  to  the  latter  of  which 
sciences  he  applied  the  methods  of  microscopic  crystallography  with 
striking  success. 

Amos  Peaslee  Brown  was  bom  in  Germantown,  Philadelphia,  on  Dec.  3.  1864, 
the  son  of  Amos  Peaslee  and  Frances  Brown,  and  the  fourth  child  of  a  family  oi  seven 
sons  and  two  daughters.  His  earliest  education  was  received  at  a  small  private 
school,  but  in  the  autumn  of  1877  he  entered  the  Germantown  Academy.  Deciding 
to  take  a  scientific  course  in  college  he  did  not  study  Greek,  and  dropped  Latin  in  his 
last  years  at  school.  He  was  thus  able  to  graduate  in  June,  1882,  entering  the  Uni- 
versity of  Pennsylvania  the  following  autumn. 

He  took  the  Towne  scientific  course,  specializing  in  mining  engineering  after  the 
sophomore  year.  He  studied  mineralogy  under  Prof.  George  A.  Koenig,  chemistry 
under  Prof.  Frederick  A.  Genth,  physics  under  Prof.  George  F.  Barker,  astronomy 
under  Prof.  E.  Otis  Kendall,  civil  engineering  under  Prof.  Lewis  M.  Haupt,  mathe- 
matics under  Prof.  Henry  W.  Spangler  and  botany  under  Prof.  Joseph  T.  Hothrock. 
He  graduated  in  June,  1886,  receiving  the  degree  of  B.  S.,  and  was  chosen  to  deliver  the 
bachelor's  oration  at  the  commencement  at  the  old  Academy  of  Music.  He  remained 
at  the  University  another  year,  taking  the  post-graduate  course  in  mining,  and  received 
the  degree  of  E.  M.  in  June,  1887. 

Soon  after  graduation,  Brown  secured  a  position  as  aide  on  the  Second  Geological 
Survey  of  Pennsylvania,  under  Ashburner,  his  first  work  consisting  in  the  compilation 
of  data  respecting  the  coal-mining  operations  of  the  State.  This  occupied  a  year, 
mostly  in  the  field,  followed  by  office  work  in  Pittsburgh. 

Finishing  his  work  in  the  bituminous  region  in  June,  1888,  Brown  returned  to 
Philadelphia  and  accepted  a  position  under  Mr.  Benjamin  Smith  Lyman,  who  had 
undertaken  a  survey  of  the  New  Boston  and  Morea  coal  lands  in  Schuylkill  County, 
near  Pottsville.     The  survey  was  a  private  enterprise,  but  the  map  was  afterward 

{mblished  by  the  State  Geological  Survey.  This  work  kept  Brown  in  the  field  until 
ate  in  the  autumn,  while  the  actual  drawing  of  the  map  was  done  in  Philadelphia  in 
the  winter.  In  the  following  spring  Mr.  Lyman  engagea  in  a  survey  and  report  on  the 
"New  Red"  formation  of  Bucks  and  Montgomery  Counties,  in  which  Brown  again 
acted  as  his  assistant  and  prepared  an  account  of  the  igneous  rocks  of  the  district, 
which  accompanies  Mr.  Lyman's  report.  His  name  appears  on  both  the  Bucks 
County  map  and  that  of  the  Morea  anthracite  district,  in  the  early  autumn  of  1889, 
before  the  Bucks  County  survey  was  completed.  Brown  left  Mr.  Ljrman  to  accept  a 
position  as  instructor  in  mining  at  the  University  of  Pennsylvania,  under  his  old 
professor.  Dr.  Koenig,  and  here  he  remained  for  practically  the  rest  of  his  life.  In 
1S90  he  was  instructor  in  mining  and  metallurgy;  in  1892  professor  of  mineralogy  and 
geology  in  the  auxiliary  department  of  medicine,  which  he  held  until  the  abolishment 
of  the  department  in  1898.  On  March  5,  1895,  iie  became  assistant  professor  of  min- 
eralogy and  geology  in  the  college  faculty,  and  full  professor  in  the  spring  of  1903, 
a  position  which  he  continued  to  bold  until  the  spring  of  1917,  when  he  was  forced  to 
resjgn  on  account  of  failing  health.  From  the  autumn  of  1892,  after  Dr.  Koenig' s 
retirement  from  the  University,  Brown  took  over  the  entire  direction  of  the  depart- 
ment, t^achin^  in  all  branches  of  the  subject — mineralogy,  geology,  lithology,  crystal- 
lography, mining,  and  metallurgy.  Soon  after  his  return  to  the  university  he  began 
studying  for  the  degree  of  Doctor  of  Philosophy,  which  was  conferred  upon  him  on 
June  16;  1893. 

Dunng  the  time  of  his  first  activity  at  the  Academy  of  Natural  Sciences,  he  became 
closely  associated  with  Edward  D.  Cope,  who  was  then  professor  of  mineralogy  and 
geology — Plater  of  zoology  and  comparative  anatomy — at  the  University  of  Peimsyl 
vania,  and  who  thoroughly  appreciated  Brown's  ability  and  broad  knowledge.     In 
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the  summer  of  1893,  having  armnged  for  an  exploration  of  some  of  the  fossil  beds  of 
the  West  in  the  interests  of  the  Academy,  Cope  invited  Brown  to  become  his  associate 
on  the  trip,  an  invitation  which  he  eagerly  accepted.  Their  explorations  began  at 
Bismarck,  N.  D.,  on  July  10,  and  covered  parts  of  both  North  and  South  Dakota^ 
the  Cimmaron  River  District  of  Oklahoma^  the  northeastern  border  of  the  Staked 
Plains  of  Texas  and  portions  of  Kansas,  commg  to  a  close  on  September  4,  at  Galena, 
Mo.  The  results  of  the  reconnaissance  are  set  forth  in  a  paper  by  Ck)pe  in  the  Pro- 
ceedings of  the  Academy.^ 

In  August,  1902,  he  made  a  cruise  along  the  Labrador  coast,  and  camped  for  several 
weeks  at  Dove  Point,  at  the  head  of  Sandwich  Bay.  He  devoted  his  attention  mainly 
to  geological  problems,  and  to  a  study  of  the  general  geology  and  topography  of  the 
coimtry.  In  1904,  he  made  geological  studies  for  certain  mining  properties  in  the 
central  Rocky  Mountains,  and  in  succeeding  years  made  similar  trips  to  Utah, 
Nevada,  and  Oregon. 

Up  to  1900,  Brown  had  pubhshed  comparatively  Httle.  In  1888,  he  wrote  an 
admirable  account  of  the  "Modes  of  Occurrence  of  Pyrite  in  Bituminous  Coal,"*  as 
part  of  his  work  with  the  State  Survey.  In  this  he  recognized  five  forms  of  occurrence 
and  traced  the  origin  of  the  pyrite  to  the  iron  content  of  decomposing  plants  affected 
by  the  sulphur  from  gjrpsum  or  hydrogen  sulphide.  Nodular  pyrite  he  suggested  was 
formed  from  fish  remains  in  the  same  way;  while  attention  is  called  to  the  present-day 
formation  of  pyrite  in  the  scum  seen  on  stagnant  pools.  In  1894,  he  published  "  A 
Comparative  Study  of  the  Chemical  Behavior  of  Pvrite  and  Marcasite,"'  which  was 
his  thesis  for  the  decree  of  Doctor  of  Philosophy.  This  is  distinctly  a  piece  of  chemical 
research,  dealing  with  the  relative  oxidation  of  sulphur  in  these  two  mineral  forms  of 
FeSj;  by  various  solutions,  as  well  as  the  solubility  of  the  iron  in  various  acids.  He 
pubhshed  the  first  definite  account  of  the  crystallization  of  molybdenite  in  1896* 
and  in  1898  a  scholarly  account*  of  "Jade  and  Other  Green  Stones."  Therewere 
several  short  notes  on  microscopical*  and  geological^  subjects  published  in  1896  and 
1897  and  the  notes  in  Lyman's  report'  and  in  Cope's  paper'  already  referred  to.     In 


of  minerals. 

Brown  took  a  trip  to  Jamaica  in  February,  1910,  his  first  experience  in  the  tropics, 
and  became  so  much  interested  in  the  natural  history  of  the  island  that  he  returned  for 
another  visit  in  April,  passing  on  this  time  to  Panama,  where  he  studied  the  geological 
formations  exposed  in  the  canal  cuts  and  discovered  some  interesting  beds  of  fossils 
from  which  he  made  valuable  collections.  The  study  of  these  upon  his  return  to 
Philadelphia  showed  them  to  be  of  such  importance  that  he  was  led  to  make  still 
another  trip  in  August  for  the  purpose  of  securing  additional  material. 

During  the  period  just  descnoed,  two  mineralogical  publications  were  issued  in 
which  Brown's  name  appears  as  joint  author.  One  of  these,  in  the  preparation  of 
which  he  was  associated  with  Dr.  Persifor  Frazer,  consisted  of  a  series  of  tables  for  the 
determination  of  minerals  by  physical  properties,  ^^  while  the  other,  in  which  Dr. 
Frederick  Ehrenfelt  was  his  associate,  was  a  report  on  the  minerals  of  Pennsylvania^' 
published  by  the  Topographical  and  Geological  Survey  of  the  State  in  1913. 

^  "  Observations  on  the  Geology  of  Adjacent  Parts  of  Oklahoma  and  N.  W. 
Texas,"  Proc.  Acad.  Nat.  Sci.  Phila.,  1894,  pp.  63-68. 

^Tram.  A.  I.  M.  E.,  1888,  16,  pp.  639-546. 

*Proc.  Amer.  Philos.  Soc,  XXXlII,  1894,  225-243. 

*Proc.  Acad.  Nat.  Sci.  Phila.,  1896,  pp.  210-211. 

^BuU.  Mus.  Sci.  and  Art,  Umv.  of  Penn.,  I,  No.  3,  pp.  140-145,  April,  1898. 

•"Bog  Moss  Leaves,"  Amer.  Monthly  Microscop.  Jour.j  XVIII,  1897,  232. 

7 "  Red  Color  of  Certain  Formations,"  Amer.  Geologist,  XVII,  1896,  p.  262.  "  Sec- 
tion of  Chalcedony,"  Amer.  Monthly  Microscop.  Jour.^  XVIII,  1897,  p.  235. 

•Report  on  the  New  Red  of  Bucks  and  Montgomery  Counties.  Fmal  Rept.  Penn. 
State  Geol.  Survey  (1895),  Vol.  Ill,  Pt.  II,  pp.  2589-2638. 

•Proc,  Academy  of  Natural  Science,  1894,  pp.  63-68. 

10 "  Mineralogy  Simplified."  Third  edition  (1901),  Philadelphia,  Henry  Carey 
Baird  &  Co.,  pp.  i-xxvii  +  1-383. 

1***  Tables  for  the  Determination  of  Minerals  by  Physical  Properties,"  Phila- 
delphia, J.  B.  Lippincott  &  Co.,  1910,  pp.  i-xiii,  I,  l-i25. 

!•"  Minerals  of  Pennsylvania,"  Topog.  and  Geolog.  Survey  of  Penna.,  Report 
No.  9,  pp.  1-160,  1913. 
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In  the  summer  of  1913  Brown  made  another  trip  to  the  tropics,  touching  at  Georse- 
town,  British  Guiana,  and  spending  some  time  on  the  island  of  Antigua.  Here  ne 
made  a  representative  collection  of  fossils  and  on  his  return  published  a  compre- 
hensive account  of  the  geology  of  the  island.^' 

Professor  Brown's  powers  of  observation  were  keen  and  his  deductions  remarkably 
accurate.  He  had  well-defined  opinions  on  scientific  topics  and,  while  not  hesitating 
to  express  them,  he  was  loath  to  force  them  upon  others  or  to  engage  in  argument  or 
controversy,  and  in  assuming  without  protest  whatever  tasks  were  allotted  to  him  he 
often  bore  far  more  than  his  share  of  the  burdens  of  life.  His  quiet  unassuming  man- 
ner attracted  those  with  whom  he  came  in  contact,  while  he  possessed  none  of  the  quali- 
ties that  make  enemies. 

ROBERT  BROWN  CARNAHAN,  JR. 

Robert  Brown  Carnahan,  Jr.,  Vice-President  of  the  American  Rolling 
Mill  Co.,  Middletown,  Ohio,  died  on  June  22, 1918,  at  Middletown.  He 
was  born  at  Pittsburgh,  Pa.,  Mar.  17,  1870. 

Mr.  Carnahan's  active  business  career  began  with  the  Dewees- Woods 
Co.,  of  McKeesport,  Pa.,  with  whom  he  became  associated  in  1891  upon 
paduating  from  the  University  of  Pittsburgh.  In  1899  he  went  with  the 
Carnegie  Steel  Co.  at  its  Homestead  Works,  where  he  was  engaged  in 
special  research  in  connection  with  the  development  of  the  open-hearth 
furnace.  When  the  American  Rolling  Mill  Co.  began  operations  in 
1900,  Mr.  Carnahan  became  one  of  the  iSrst  members  of  the  working 
organization  in  the  capacity  of  chief  chemist  and  open-hearth  superin- 
tendent. Mr.  Carnahan  was  connected  with  the  American  Rolling  Mill 
Co.  until  his  death,  holding  the  position  of  General  Superintendent 
and  later  Vice-president  in  charge  of  research  and  metallurgical  develop- 
ment work.     It  was  under  his  direction  that  Armco  iron  was  developed. 

Mr.  Carnahan  was  a  man  of  most  unusual  talents  and  energy  and 
through  his  study  and  development  of  metallurgical  problems  connected 
with  the  use  of  the  open-hearth  furnace  in  the  iron  and  steel  industry, 
became  a  scientist  of  international  note.  The  results  of  his  studies  con- 
stitute a  distinct  contribution  to  the  advancement  of  American  and  for- 
eign metallurgy.  Mr.  Carnahan  was  granted  the  Degree  of  Doctor 
of  Philosophy  by  the  University  of  Pittsburgh  in  June,  1912.  Though 
indomitable  and  untiring  in  his  work,  Mr.  Carnahan's  generous,  kindly 
and  optimistic  spirit  made  him  many  warm  friends  here  and  abroad. 

In  addition  to  membership  in  the  American  Institute  of  Mining 
Engineers,  he  was  also  a  member  of  the  American  Iron  and  Steel  Insti- 
tute, British  Iron  and  Steel  Institute,  American  Society  for  Testing 
Materials,  University  Club,  Queen  City  Club  and  Business  Men's  Club 
of  Cincinnati. 

DAVID  C.  DODGE 

David  C.  Dodge,  one  of  the  foremost  railroad  pioneers  of  Colorado, 
died  at  Denver,  July  19,  1918,  at  the  age  of  81  years.  He  had  been  a 
member  of  the  Institute  since  1911. 

Colonel  Dodge  was  born  in  Shirley  township,  Mass.,  Nov.  17,  1837, 
and  received  his  schooling  at  Lawrence  academy,  Groton,  Mass. 

He  went  to  Denver  in  the  early  sixties  and  engaged  in  the  general 
mercantile  business  with  the  Milo  Smith  company.     He  soon  entered 


»»**  Notes  on  the  Geology  of  Antigua,"  Proc.  Acad.  Nat.  Sci.  Phila.,  1913,  pp.  584- 
616. 
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public  life  and  served  as  city  clerk  and  as  a  member  of  the  board  of  public 
works  of  Denver. 

He  entered  the  railroad  business  in  February,  1853,  and  began  as 
chairman  of  the  engineer  corps  of  the  Fox  River  Valley  road  in  Illinois 
and  Wisconsin  and  in  the  engineer  corps  of  the  Wisconsin  Central  Rail- 
road. From  March,  1856,  to  1857,  he  was  with  the  engineering  depart- 
ment of  the  Chicago,  Iowa  &  Nebraska  road.  From  1857,  he  began 
service  as  general  freight  and  passenger  agent  and  paymaster  of  the  same 
road. 

In  1864  he  went  to  Chattanooga,  Tenn.,  to  serve  in  the  commissary 
department  of  the  United  States  army  and  later  served  in  the  quarter- 
master's department  at  Memphis.  He  was  general  agent  of  the  Chicago 
&  Northwestern  railroad  of  Nevard,  Iowa.  From  1867  to  1870  he  served 
as  general  agent  of  this  road  in  Denver,  helping  to  build  the  first  lines  into 
Denver  at  the  same  time. 

The  next  year,  when  the  Kansas  Pacific  was  completed  to  Denver, 
he  became  general  agent  of  that  road.  About  this  time  he  began  to  dream 
of  a  railroad  running  along  the  mountains  with  spurs  into  each  of  the  can- 
ons. In  this  he  was  supported  by  Gen.  W.  J.  Palmer,  Gov.  A.  C.  Hunt 
and  R.  F.  Weitbrec.  Then  the  Denver  &  Rio  Grande  was  completed  to 
Colorado  Springs  and  Mr.  Dodge  became  its  first  freight  and  ticket  agent. 

In  1880,  he  became  general  manager  of  the  road.  It  was  the  acquaint- 
ance and  close  friendship  between  General  Palmer  and  Colonel  Dodge 
that  meant  greater  things  for  Colorado  from  this  time  forward,  for  all 
of  the  great  railroad  building  projects  began  at  this  time. 

In  1885,  Colonel  Dodge  was  sent  to  Mexico  to  manage  the  affairs  of 
the  Mexican  National  Railway.  He  became  its  second  vice-president 
under  General  Palmer  in  1887.  Then,  as  manager  of  the  Rio  Grande 
Western  in  Utah,  Colonel  Dodge  built  a  standard-gauge  road  through  to 
Salt  Lake  City.  For  the  next  11  years  he  and  General  Palmer  were 
building  constantly.  He  was  once  receiver  for  the  Moflfat  road  and  in- 
vested heavily  in  its  reconstruction,  pushing  its  rails,  even  during  the 
panic  of  1907,  through  to  the  coal  fields  in  the  Gore  cafion. 

His  achievements  were  summed  up  by  his  friend,  Andrew  S.  Hughes, 
traffic  manager  of  the  Denver  &  Rio  Grande,  as  follows:  "Colonel 
Dodge  was  at  all  times  interested  in  upbuilding  this  State.  As  a  railroad 
manager  he  stood  pre-eminent,  and  also  belonged  to  that  fast  diminishing 
band  of  pioneers  that  did  so  much  toward  the  advancement  of  Colorado 
and  the  West  generally.  A  strong  man  among  able  men,  he  will  be  sadly 
missed  by  the  community  at  large." 

JOHN    DUER    IRVING 

John  Duer  Irving,  who  left  his  post  as  Professor  of  Economic  Geology 
at  the  Sheffield  Scientific  School,  New  Haven,  Conn.,  to  join  the  Eleventh 
Regiment  of  Engineers  shortly  after  the  declaration  of  war,  died  in  France, 
July  26,  1918,  from  an  attack  of  pneumonia.  Through  the  initiative 
of  Mr.  Benjamin  B.  Lawrence,  a  memorial  service  to  Captain  Irving 
was  held  at  St.  Paul's  Chapel,  Columbia  University,  on  Sunday  afternoon, 
August  4,  which  was  attended  by  members  of  Captain  Irving's  family, 
and  about  four  hundred  of  his  friends  from  Columbia,  Yale,  the  American 
Institute  of  Mining  Engineers  and  the  Association  of  the  11th  Regiment 
of  Engineers.     Professor  James  F.  Kemp  delivered  the  memorial  address. 
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and  bas  prepared  for  the  Bulietin  the  following  accouat  of  Captain  Irving'a 
life,  Professor  Kemp  and  Captain  Irving  having  been  associated  on  the 
>i>oet  intimate  terms  for  a  number  of  years. 

The  war  has  brought  home  to  friends  and  kin  in  the  western  shores 
of  tbe  Atlantic  many  losses  whose  suddenness  has  the  shock  of  a  blow. 
Many  more  will  follow,  but  none  can  leave  a  sharper  sense  of  regret  than 


CAPrA.iN  John  Duer  Irving. 
the  Dews  that  the  keen  and  productive  mind;  the  inspiring  teacher; 
(he  successful  and  considerate  editor,  the  fine,  true  man  and  friend  had 
all  passed  away  when  John  Duer  Irving  made  the  final  great  gift  to  the 
service  of  his  country,  in  the  cause  of  decency  and  right.  In  the  closing 
days  of  July,  the  cable  brought  the  tidings  that  toward  midnight  on  the 
twentieth  of  the  month  pneumonia  had  proved  too  great  a  tax  upon 
one  already  worn  by  excessive  labors. 
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John  Duer  Irving  was  born  in  Madison,  Wis.,  August  18,  1874. 
His  father,  Roland  Duer  Irving,  was  at  the  time  professor  of  geology, 
mineralogy  and  metallurgy  in  the  State  University  of  Wisconsin.  Roland 
Irving,  the  father,  had  entered  Columbia  College  in  1863,  but  trouble 
with  his  eyes  compelled  him  to  suspend  his  studies  in  the  classical  course 
in  his  sophomore  year,  and  to  replace  study  with  some  months  of  life  and 
travel  in  England.  Ultimately  his  eyes  became  stronger,  and  he  entered 
the  School  of  Mines,  completing  the  course  for  the  degree  of  Engineer 
of  Mines  in  1869,  with  the  third  class  graduated.  The  class  of  eleven 
contained  other  future  geologists.  It  numbered  on  its  roll  Henry  New- 
ton and  Walter  P.  Jenney  of  the  early  survey  of  the  Black  Hills,  where 
John,  future  son  of  Roland,  was  in  the  course  of  years  to  make  his  doctor's 
dissertation,  and  with  its  publication  his  really  serious  entrance  into 
the  profession. 

Roland  Irving  was  a  favorite  student  of  Professor  J.  S.  Newberry, 
affectionately  known  to  all  of  his  students  as  "Uncle  John,"  and  after 
some  experience  in  mining  and  smelting  in  Pennsylvania  and  New  Jer- 
sey, joined  the  Ohio  Survey  under  Dr.  Newberry.  The  work  in  Ohio 
was  largely  performed  during  the  vacations  of  the  University  of  Wiscon- 
sin, to  whose  chair  Roland  Irving  was  called  in  1870.  Later,  his  residence 
in  Wisconsin  led  to  two  events  of  prime  importance  in  the  history  of 
American  geology.  He  began  the  study  of  the  Gogebic  iron  range  and 
caught  the  clue  to  the  origin  and  stratigraphy  of  the  iron  ores  of  all  the 
Lake  Superior  ranges;  and  he  later  undertook  the  mapping  and  descrip- 
tion of  the  copper-bearing  rocks  of  the  Lake  Superior  basin.  The  forma- 
tive years  of  the  son,  John,  were  passed  in  a  home  where  the  father, 
Roland,  was  preparing  the  now  famous  monographs  on  these  two  sub- 
jects. Not  alone  did  John's  father  work  upon  their  preparation,  but  the 
skilful  hand  and  fine  sense  of  color  of  his  mother  were  placing  on  paper 
the  beautiful  illustrations  of  the  microscopic  mineralogy  of  the  copper- 
bearing  rocks,  and  all  in  the  very  early  days  of  microscopic  rock  study  in 
America. 

In  John's  fourteenth  year,  illness,  preying  on  a  constitution  never 
over-strong,  deprived  him  of  his  father,  and  left  him  the  almost  sacred 
duty  of  following  in  the  footsteps  and  continuing  the  work  of  one  inter- 
rupted at  thirty-nine  in  mid-career.  Mrs.  Irving  removed  to  the  East 
among  her  kinsfolk  and  John  was  prepared  for  Columbia  College  to  rep- 
resent the  fourth  generation  of  his  name  upon  the  alumni  rolls.  His 
boyhood  period  passed  and  his  college  and  university  life  began. 

He  entered  in  1892  and  took  the  prescribed  courses  of  the  time. 
The  vacation  of  1895,  following  his  junior  year,  was  passed  with  one  of 
Professor  Osborn's  parties  in  searching  for  Tertiary  vertebrates  in  the 
Browns  Park  beds  of  northeastern  Utah.  On  the  observations  there 
obtained  was  based  the  first  contribution  of  John  Irving  to  geological 
literature.  Following  his  senior  year,  he  went  with  the  writer  to  the  Adi- 
rondacks  and  had  a  month  or  two  of  experience  with  old-time  crystalline 
rocks  in  the  mountains  around  Elizabethtown.  In  the  vacation  after 
his  first  year  of  graduate  study  a  place  was  found  for  him  in  the  field-party 
of  Dr.  Whitman  Cross  in  the  steep  and  rugged  mountains  of  the  San 
Juan  region  of  southwestern  Colorado. 

About  this  time  the  writer  made  a  visit  to  the  northern  Black  Hills 
of  South  Dakota  and  became  impressed  with  the  extremely  interesting 
problems  presented  by  the  local  geology,  which,  as  earlier  stated,  had  been 
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covered  by  the  pioneer  work  of  Roland  Irving's  old  classmates,  Henry 
Newton  and  Walter  P.  Jenney.  A  large-scale  map  had  been  prepared 
by  Professor  Frank  C.  Smith  and  Dr,  MacGillicuddy  of  the  Dakota 
School  of  Mines,  of  Rapid  City,  and  by  the  generous  cooperation  of  these 
two  friends,  John  Irving  was  suitably  started  upon  his  four  months 
of  field-work  for  his  doctor's  di&sertation.  With  the  completion  and 
publication  of  his  results  and  the  taking  of  his  doctor's  degree,  the  second 
period  of  his  life  merged  into  the  third — ^that  of  active  work  in  the  outside 
world. 

Combined  with  a  most  creditable  passing  of  the  civil  service  examina- 
tions, lus  work  in  the  Black  Hills  brought  to  its  author  an  appointment 
in  the  ranks  of  the  U.  S.  Geological  Survey,  and  assignment  to  the  party 
then  undertaking  the  investigation  of  the  mineral  resources  of  this  area. 
The  study  of  the  mines  placed  young  Dr.  Irving  in  close  association 
^th  the  most  respected  of  American  mining  geologists,  that  fine,  true, 
Nature's  nobleman,  Samuel  Franklin  Emmons,  and  in  the  end,  made  of 
John  Irving,  Dr.  Emmons'  closest  helper.  Years  afterward,  when  Dr. 
Emmons  passed  away,  leaving  in  fragmentary  and  uncompleted  state 
the  great  new  monograph  on  Leadville,  it  was  John  Irving  who  finished 
the  manuscript  and  forwarded  it  to  the  Survey,  ready  for  the  printer. 

Following  the  field  experience  in  the  Black  Hills,  John  Irving  was 
busied  in  association  with  F.  L.  Ransome  in  the  Globe  district  of  Arizona; 
with  J.  M.  Bout  well  in  the  Park  City  district  of  Utah;  with  W.  H.  Em- 
mons in  the  Needle  Mts.  quadrangle  of  Colorado;  and  with  Howland 
Bancroft  at  Lake  City  in  the  same  state.  He  also  did  mapping  of  coal- 
bearing  quadrangles  in  Indiana  under  M.  L.  Fuller,  and  in  Pennsylvania, 
under  M.  R.  Campbell.  Most  important  of  all,  be  became  in  time  the 
right-hand  man  of  Dr.  Emmons  in  the  revision  of  the  Leadville  mono- 
graph. While  on  the  Survey  and  spending  the  winters  in  Washington, 
John  Irving  entered  heartily  into  the  life  of  the  younger  men,  and  was 
active  in  the  so-called  Association  of  Aspiring  Assistants  of  the  Survey; 
whose  initials  were  a  sort  of  caricature  of  the  American  Association  for 
the  Advancement  of  Science. 

But  the  desire  to  teach,  partly  inherited,  partly  acquired,  was  very 
strong,  too  strong  to  be  longer  suppressed;  and  with  its  gratification  in 
1903  John  Duer  Irving  took  up  aft^  ripe  preparation,  the  teacher's 
part  of  his  career.  The  opportunity  came  to  the  writer  to  suggest  to  an 
old  friend.  Professor  Wilbur  C.  Knight,  of  the  University  of  Wyoming, 
one  who  might  substitute  for  him  during  a  year's  leave  of  absence. 
The  offer  proved  agreeable  to  Dr.  Irving,  and  he  undertook  the  work, 
retaining  his  connection  with  the  Survey  for  the  free  time  of  the  vaca- 
tions. Some  of  the  Survey  work  outlined  above,  was  indeed  done 
after  he  had  begun  to  teach.  In  1904  he  was  called  to  be  assistant  pro- 
fessor of  geology  at  Lehigh  University,  and  was  promoted  to  the  full 
chair  in  1906.  In  1907  he  was  called  to  be  professor  of  economic  geology 
at  the  Sheffield  Scientific  School  of  Yale,  where  he  shared  in  developing 
the  mining  course  made  possible  by  the  gift  of  the  Hammond  Laboratory. 
This  professorship  Dr.  Irving  held  at  the  time  of  his  death. 

In  1905,  while  John  Irving  was  at  work  at  Lehigh  University,  the  plan 
was  developed  of  establishing  a  magazine  which  might  be  the  special 
means  of  expression  and  record  for  the  vigorous  young  school  of  American 
students  of  ore  deposits  and  applied  geology,  which  had  then  become  a 
marked  feature  of  our  scientific  life.     We  gathered  a  little  band  of  pioneers, 
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willing  to  risk  a  part  of  their  not  over-abundant  worldly  possessions  in 
the  venture  with  no  thought  of  return.  John  Irving  was  our  choice  for 
managing  editor.  To  his  untiring  efforts,  ably  aided  by  the  unselfish 
work  of  W.  S.  Bayley,  as  business  manager,  we  chiefly  owe  the  thirteen 
volumes  of  this  most  valuable  and  interesting  journal,  Economic 
Geology.  As  we  turn  its  pages  we  see  the  subjects  which  appealed 
from  time  to  time  to  its  editor.  His  work  in  the  mining  districts 
emphasized  the  importance  of  ore  shoots  and  localizations  of  values  in 
veins,  and  he  seeks  to  classify  and  systematize  their  causes.  He  is  again 
impressed  with  the  importance  of  a  comprehensive  study  of  special  prob- 
lems, wherever  one  particular  case  of  them  may  be  illustrated,  as  con- 
trasted with  the  generally  localized  investigations  carried  on  by  one  in- 
dividual. The  committee  which  has  been  studying  for  several  years  the 
problem  of  secondary  enrichment  under  L.  C.  Graton,  carries  out  exactly 
this  idea.  John  Irving's  extended  Leadville  experience,  in  the  mines 
where  S.  F.  Emmons  first  formulated  the  ideas  of  replacement  of  rock 
by  ore,  leads  him  to  seek  to  establish  criteria  whereby  replacement  bodies 
may  be  identified.  Thus  as  we  turn  the  pages  of  the  magazine  we  see 
how,  year  by  year,  an  active  and  thoughtful  mind  was  philosophically 
pondering,  now  this,  now  that  important  phase  of  his  special  branch  of 
science. 

And  then,  while  in  the  full  exercise  of  his  many  useful  activities,  rose 
above  the  horizon  the  dark  cloud  of  the  Robber  Barons'  war.  He,  as 
all  of  us,  awoke  to  the  growing  conviction  that  the  world  in  which  we  lived 
was  not  what  we  had  thought  it;  that  our  ideals  of  government,  our  rules 
of  openness,  loyalty  and  truth  in  the  relations  of  life,  the  very  conditions 
of  our  existence  were  in  danger  and  would  need  the  supreme  effort  to 
defend  them.  In  the  spring  and  early  summer  of  1916,  the  writer  knows 
from  intimate  talks  that  John  Irving  felt  the  danger  menacing  our  country 
and  others  like  it,  from  the  growing  threat  of  the  worst  features  of  medi- 
evalism. Being  unmarried,  he  believed  that  even  though  he  was  past 
forty  years  of  age,  it  was  his  duty  to  go  to  Plattsburg  and  enter  the  officers' 
training  camp.  He  took  up  the  routine  earnestly  and  seriously  and  wrote 
with  great  pride  of  his  promotion  to  be  a  non-commissioned  officer. 
When  the  camp  clqsed  he  entered  his  name  as  one  available  for  service, 
if  conditions  should  call  for  him.  In  the  spring  of  1917  these  conditions 
materialized.  He  took  his  officer's  examinations,  was  appointed  captain 
in  the  11th  Regiment  of  Engineers,  and  was  granted  leave  of  absence  by 
the  authorities  of  Yale.  At  first  he  expected  to  serve  as  topographic 
engineer,  or  as  an  interpreter  of  air-plane  maps.  He  jestingly  referred 
to  himself  as  ''skyographer."  Actually  he  became  recruiting  officer 
for  his  regiment,  in  whose  ranks  are  so  many  of  the  Institute's  members. 
With  them  he  sailed  for  France  in  July,  1917.  Of  his  special  field  of  work 
we  know  only  what  the  censorship  has  permitted  us  to  learn  from  his 
letters.  He  was  early  engaged  in  railway  construction  and  worked 
just  as  long  hours  as  anyone  could  in  building  the  arteries  of  supply  and 
nourishment  of  the  Army.  His  duties  last  Fall  we  know  brought  him 
under  shell-fire  and  he  learned  to  keep  his  nerve  amid  these  trying  con- 
ditions. Like  so  many  of  our  boys  he  writes  jestingly  of  them,  taking 
the  dangers  in  the  light-hearted  way  of  our  countrymen,  as  being  all 
in  the  day's  work. 

Later,  as  tunneling  and  the  exploding  of  mines  beneath  the  enemy's 
works,  and  all  sorts  of  excavation  became  so  important,  he  was  detailed 
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to  the  engineers'  school  at  headquarters  and  was  busy  with  a  seemingly 
endless  procession  of  classes  to  be  instructed  in  the  rudiments  of  mining 
engineering.  His  letters  show  that  the  calls  were  hard,  exacting  and  ex- 
hausting. He  speaks  of  never  having  worked  so  hard  in  all  his  life. 
Probably  his  vitality  ran  low  and  his  powers  of  resistance  and  recupera- 
tion were  exhausted.  We  only  know  that  he  returned  to  the  front,  be- 
came a  victim  of  the  so-called  Spanish  grippe,  which,  despite  every  efifort 
on  the  part  of  the  medical  staff,  developed  into  pneumonia,  and  that  one 
more  name  was  added  to  the  Roll  of  Honor. 

As  we  look  back  over  this  brief  sketch  of  a  busy  and  useful  life,  we  see 
that  it  was  filled  to  the  very  limit.  Those  of  us  who  knew  John  Irving 
well  know  that  the  duties  and  calls  were  met  faithfully  and  with  a  high 
sense  of  responsibility.  Many  of  them  were  essentially  unselfish.  The 
magazine  Economic  Geology  was  a  labor  of  love.  The  time  of  Professor 
Irving  was  never  so  valuable  but  that  a  student  could  command  advice 
and  guidance.  The  full  strength  and  more  of  Captain  Irving  were 
given  to  his  country.  And  yet  we  know  that  the  calls  often  bore  heavily 
on  a  physique  none  too  robust.  Although  tall  and  broad-shouldered  of 
stature,  our  friend  had  some  delicacy  of  constitution  which  asserted  itself 
at  times  of  special  stress  and  which  gave  warning  that  certain  limits 
must  not  be  passed. 

Although  I  have  written  of  his  scientific  work,  I  have  not  mentioned 
that  many  talks  while  we  have  been  off  on  trips  together  revealed  to  me 
ambitions  in  literary  expression  and  composition  which  were  in  keeping 
with  the  high  traditions  of  his  family,  bound  up,  as  they  are,  with  one 
of  the  very  first  of  our  really  great  men  of  letters.  Insistent  calls  pre- 
vented John  Irving  from  realizing  all  that  was  in  his  mind;  but  the  am- 
bition certainly  gave  lucidity  and  clearness  to  his  scientific  writings. 

It  is,  however,  as  friend  that  we  like  best  to  recall  him,  and  in  these 
respects  we  know  well,  that  while  his  work  lives  after  him,  the  fine  sweet 
inspiration  of  his  life  will  endure  still  longer.  We  live  in  the  most  try- 
ing times  with  which  we  have  all  been  confronted  for  nearly  three  genera- 
tions. Faith  is  called  for,  as  almost  never  before.  We  must  have  the 
grim  and  unshaken  holding  on  to  calm  belief  in  the  triumph  of  right  and 
in  the  subordination  of  cruelty  and  unbridled  selfishness  to  the  control 
of  law  and  justice.  A  decent  consideration  for  the  rights  of  others 
and  observance  of  these  must  not  perish  from  the  earth,  nor  must  the 
rule  of  abominable  materialism  be  permitted  to  exercise  its  sway  over 
victims  unable  to  protect  themselves.  For  these  high  causes  John  Duer 
Irving  gave  his  all.  Useful  and  inspiring  as  he  was  in  life,  he  rises  to  yet 
greater  heights  in  his  supreme  sacrifice,  and  to  us  who  yet  remain  he  is 
a  sermon  whose  moving  appeal  causes  to  sound  aloud  the  deepest  chords 
of  our  nature. 

James  F.  Kemp. 
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ANGUS  R.  MACKAT 

Angus  R.  Mackay,  manager  of  the  Vulture  mine,  Yavapai  County, 
Ariz.,  died  suddenly  at  Oakland,  Cal.,  June  29,  1918.  He  was  the  eldest 
son  of  the  late  Senator  Robert  Mackay,  of  Montreal.  He  graduated 
from  the  Massachusetts  Institute  of  Technology  in  1893,  taking  the  course 
in  mining  engineering,  and  then  spent  some  time  studying  in  Germany. 
Keturning  from  Europe,  he  became  manager  of  the  Horseshoe  mine 
at  Deadwood,  S.  D.,  and  it  was  through  his  efforts  that  the  property 
became  a  profitable  one.  Later  he  became  engaged  in  engineering  work 
at  Niagara  Falls,  and  in  1908  came  to  Arizona,  where  he  was  instrumental 
in  reviving  the  old  Vulture  mine.  He  was  manager  of  the  property 
from  1908  to  the  time  of  his  death. 

Mr.  Mackay  became  a  member  of  the  Institute  in  1896,  and  was  also 
a  member  of  the  American  Society  of  Civil  Engineers.  His  interests  and 
activities  were  large  and  varied,  and  he  was  especially  interested  in  de- 
veloping the  resources  of  Arizona.  He  had  a  large  number  of  friends, 
who  were  shocked  and  saddened  to  learn  of  his  death. 

F.   W.  LiBBBT. 


THOMAS  McNAIR  RIGHTER 

Thomas  M.  Righter  died  at  Mt.  Carmel,  Pa.,  from  paralytic 
stroke,  on  July  12,  1918.     He  became  a  member  of  the  Institute  in  1899. 

Mr.  Righter  was  born  in  Berwick,  Columbia  county,  Pa.,  Jan. 
12,  1847,  the  son  of  Doctor  William  W.  and  Jane  (McNair)  Righter. 
When  he  was  a  child  the  family  moved  to  Mauch  Chunk,  and  Thomas 
was  educated  in  the  public  schools  of  that  place.  At  the  age  of  fifteen 
he  left  school  and  endeavored  to  enlist  in  the  Federal  Army,  but  was  re- 
jected because  he  was  too  young.  However,  he  was  given  a  position  as 
railway  mail  clerk,  taking  the  place  of  a  man  who  entered  the  military 
service. 

The  late  Judge  John  Leisenring,  pioneer  railroad  builder,  was  at- 
tracted by  the  industry  and  the  intelligence  of  the  young  man,  and 
oflFered  him  a  place  on  the  engineer  corps  engaged  in  laying  out  the  Jersey 
Central  Unes  from  Mauch  Chunk  to  Wilkes-Barre.  Later  he  became  a  min- 
ing engineer  at  Upper  Lehigh.  His  great  skill  in  mining  matters  soon 
become  evident,  and  he  was  made  superintendent  of  the  Sandy  Run 
Coal  Co.,  operated  by  M.  S.  Kemerer  &  Co.  In  1881  Mr.  Righter  and  E. 
B.  Leisenring  purchased  the  interest  of  J.  C.  Hayden  in  the  Montelius- 
Hayden  colliery  at  Mount  Carmel.  Two  years  later  Alfred  Montelius 
died,  when  Mr.  Righter  and  Mr.  Leisenring  became  the  owners  of  the  old 
Montehus  colliery,  operating  it  under  the  name  of  Thomas  M.  Righter 
&  Co.  unto  it  passed  into  the  hands  of  the  Lehigh  Valley  Coal  Company. 

Mr.  Righter  was  one  of  the  incorporators  of  the  Mount  Carmel  Water 
Co.  and  was  its  President  at  the  time  of  his  death.  He  helped  to  found 
the  Edison  Electric  Illuminating  Co.,  and  remained  as  one  of  its  directors 
until  recently,  when  the  corporation  passed  from  local  control.  Leading 
in  the  movement  to  organize  the  Union  National  Bank,  he  was  made 
President  of  its  Board  of  Directors,  an  office  he  held  until  his  demise. 
He  was  a  director  of  the  Shamokin-Mount  Carmel  Transit  Co.  Associ- 
ated with  G.  M.  Smith,  he  helped  to  build  the  troUey  road,  and  laid  out 
the  line  extending  from  Centralia  to  Ashland. 
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Mr.  Righter's  activities  extended  all  over  Pennsylvania  and  into 
West  Virginia.  He  was  President  and  General  Manager  of  the  Oak 
Hill  Coal  Co.,  Duncott,  Schuylkill  county.  He  served  on  the  di- 
rectorate of  the  Midvalley  Coal  Co.,  operators  of  the  collieries  at 
Wilburton;  and  of  the  Mt.  Jessup  Coal  Co.,  Scranton.  Anthracite  coal 
mining  was  given  his  closest  attention  and  he  was  a  recognized  authority 
in  that  industry,  but  he  invested  heavily  in  bituminous  mines,  and  was 
the  President  of  the  Jewel  Ridge  Coal  Co.  of  Tazewell,  West  Virginia, 
and  was  the  President  of  the  Pocahontas  Coal  Corporation,  owning  22,000 
acres  of  valuable  coal  lands  in  West  Virginia.  He  was  also  a  director  of 
the  E.  E.  White  Coal  Co.,  of  Glen  White,  West  Virginia. 

He  served  as  director  of  the  Whitehall  Cement  Manufacturing  Co. 
of  Cementon,  Pa.,  and  of  the  Clear  Springs  Water  Co.  of-  Catasauqua. 

Devoted  though  he  was  to  the  many  enterprises  which  he  helped  to 
form  and  guide,  Mr.  Righter  was  not  too  busy  to  take  a  leading  part 
in  church  work,  and  he  was  a  true  Christian  gentleman  whose  life  was  an 
inspiration  to  all  who  knew  him. 

For  nine  years  he  served  the  community  as  a  member  of  the  Board  of 
Education,  being  President  of  the  Board  for  eight  of  these  years. 

The  State  Hospital  for  Injured  Persons  at  Fountain  Springs  took 
much  of  his  valuable  time,  but  it  was  given  cheerfully  and  wholeheartedly. 
Appointed  in  1889  by  Governor  Beaver  as  one  of  the  first  Trustees  of 
that  splendid  institution,  he  was  President  of  the  Board  at  the  time  of 
his  death. 
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COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 

STUDENT  SOCIETIES 


CHARLES  H.  FULTON.  Chairman 


Vice^hairmen 
EDWIN  C.  HOLDEN 
FREDERICK  W.  8PERR 
WALTER  R.  CRANE,  Secretary,  PennaylvanU  State 


LUTHER  W.  BAHNEY 
DARSIE  C.  BARD 
ROBERT  H.  BRADFORD 
SAMUEL  W.  BEYER 
GUY  H.  COX 
JOSEPH  DANIELS 
NOAH  F.  DRAKE 
FRANK  W.  DURKEE 


HOWARD  ECKFELDT 
DAVID  M.  FOLSOM 
R.  R.  GOODRICH     . 
CHARLES  E.  LOCKE 
JAMES  F.  McCLELLAND 
HARRY  B.  MELLER 
WALTER  S.  MORLEY 
HENRY  S.  MUNROE 


GEORGE  J.  YOUNG 

College.  State  Collage.  Pa. 
CHARLES  J.  NORWOOD 
H.  C.  PARMELEE 
GEORGE  8.  RAYMER 
HEINRICH  RIES 
HENRY  L.  SMYTH 
HARRY  H.  STOEK 
FRANCIS  A.  THOMSON 
CLINTON  M.  YOUNG 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 


J.  V.  N.  DORR.  Chairman 
FOREST  RUTHERFORD,  Firet  Vice-chairman 
H.  C.  PARMELEE.  Secretary,  Met.  A  Chem,  Eng..  10th  Ave.  ft  36th  St..  New  York,  N.  Y. 


L.  K.  ARMSTRONG 
C.  H.  BENEDICT 
ELI  T.  CONNER 
DORSEY  HAGER 
O.  P.  HULST 


FRANK  L.  ANTISELL 

C.  E.  ARNOLD 
FRANKLIN  BACHE 

D.  C.  BARD 
LOCIS  V.  BENDER 
SAMUEL  W.  BEYER 
NORMAN  B.  BRALY 
G.  S.  BROOKS 
FRANK  BLXKLEY 
FRED  CARROLL 
TH0MA3  H.  CLAGETT 
0.  M.  COLVOCORESSES 
ARTHUR  CROWFOOT 
H.  W.  DU  BOIS 

J.  A.  EDE 
L.  V.  EMANUEL 
NEWTON  W.  EMMENS 
J.  N.  E88ELSTYN 
ERNEST  GAYPORD 


Vice^hairmen 


CammiUee 

H.  W.  HARDINGE 
ENOCH  HENDERSON 
HERBERT  B.  HENEGAR 
FRANK  R.  HEWITT 
JOSEPH  T.  HILLES 
T.  A.  JANNEY 
ZAY  JEFFRIES 
FRANK  G.  JEWETT 
ARTHUR  G.  JOHNSON 
F.  F.  JORGENSEN 
C.  B.  LAKENAN 
LEONARD  LARSON 
E.  T.  LEDNUM 
CHARLES  LEGRAND 
EUGENE  McAULIFFE 
ROBERT  McCART.  Jr. 
JOHN  H.  McCHRYSTAL 
W.  E.  McCOURT 
V.  H.  McNUTT 


P.  M.  McHUGH 
H.  L.  WILLIAMS 
DWIGHT  E.  WOODBRIDGE 
R.  B.  WOODWORTH 


T.  W.  MATHER 
E.  P.  MATHEWSON 
T.  POOLE  MAYNARD 
H.  W.  MORSE 
HENRY  W.  NICHOLS 
C.  C.  O'HARRA 
FRANK  H.  PROBERT 
JOSEPH  W.  RICHARDS 
W.  W.  ROSE 
FRANK  L.  SIZER 
LEWIS  STOCKETT 
WALTER  G.  SWART 
ARTHUR  M.  SWARTLEY 
ARTHUR  F.  TAGGART 
JOHN  C.  TAYLOR 
WILLIAM  D.  WALTMAN 
JESSE  B.  WARRINER 

E.  R.  WASH 

W.  Y.  WESTER VELT 

F.  R.  WICKES 
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INSTITUTE  REPRESENTATIVES 

United  Engineering  Society  Trustees 
CHARLES  F.  RAND«  W.  L.  SAUNDERS*  BENJAMIN  B.  THAYER« 

Engineering  Foundation 

R.  M.  RAYMOND!  J.  W.  RICHARDS  BENJAMIN  B.  THAYER* 

Library  Boards   United  Engineering  Society 

ALEX  C.  HUMPHREYS'  E.  GYBBON  SPILSBURYi 

J.  H.  JANEWAY*  BRADLEY  STOUGHTON  GEORGE  C.  STONE* 

John  Fritz  Medal  Board  of  Aioard 

C.  R.  CORNING*  E.  GYBBON  SPILSBURY* 
CHARLES  F.  RAND»                                                           BENJAMIN  B.  THAYER" 

Engineering  Council 
J.  PARKE  CHANNING"  B.  B.  LAWRENCE' 

8.  J.  JENNINGS'  P.  N.  MOORE*  EDWIN  LUDLOW* 

American  Association  for  the  Advancement  of  Science 
WALDEMAR  LINDGREN  JOSEPH  B.  TYRRELL 

Committee  on  Standardization  of  Graphical  Methods 
JUDD  STEWART 

Joint  Committee  on  War  Minerals 
WILLIAM  Y.  WESTERVELT 

Committee  on  Mining  Law  Revision 

JAMES  R.  FINLAY  HENNEN  JENNINGS 

D.  C.  JACKLING  EDMUND  B.  KIRBY  C.  F.  KELLEY 

National  Research  Council 
P.  N.  MOORE 

Naval  Considling  Board 

Membert 
WILLIAM  L.  SAUNDERS  BENJAMIN  B.  THAYER 

Attoeiate  M ember m 

STEPHEN  O.  ANDR08  FRANK  B.  GEARHART  J.  C.  RALSTON 

E.  J.  BABCOCK  J.  C.  GREENWAY  CHARLES  F.  RAND 
H.  R.  BATCHELLER  LAFAYETTE  HANCHETT  FRANK  D.  RASH 
PHILIP  R.  BRADLEY  C.  B.  HOLLIS  R  H.  RICHARDS 

J.  L.  BRUCE  GEORGE  P.  HULST  C.  8.  ROBINSON 

D.  W.  BRUNTON  FRANK  U.  HUMBERT  WALTER  M.  SAUNDERS 

ALLAN  J.  CLARK  HENNEN  JENNINGS  E.  A.  8AYRE 

F.  K.  COPELAND  S.  W.  McCALLIE  H.  L.  SCAIFE 

B.  F.  CRESSON.  Jr.  A.  J.   McQUATTERS  A.  M.  SWARTLEY 

ROBERT  N.  DICKMAN  C.  W.  MERRILL  PRIESTLEY  TOULMIN 

M.  M.  DUNCAN  P.  N.  MOORE  W.  E.  TRENT 

T.  C.  DU  PONT  F.  W.  O'NEIL  M.  M.  VALERIUS 

STANLY  A.  EASTON  WALTER  T.  PAGE  W.  D.  WALTMAN 

W.  E.  C.  EUSTIS  W.  H.  PEIRCE  I.  C.  WHITE 

J.  R.  FORDYCE  JOSEPH  H.  PRATT  ELI  WHITNEY 

H.  V.  WINCHELL 

Committee  on  Engineering  Education 
JOHN  HAYS  HAMMOND  HENRY  MARION  HOWE 

Conference  Committee  on  Proposed  Adoption  of  Metric  System 
GEORGE  F.  KUNZ  JOSEPH  W.  RICHARDS 

Joseph  A,  Holmes  Safety  Association 
HENNEN  JENNINGS 

Joint  Conference  Committee  on  American  Engineering  Standards 
J.  W.  RICHARDS  F.  P.  COLCORD  ARTHUR  L.  WALKER 

Joint  Committee  on  WcUer  Power  Development 
H.  HOBART  PORTER 

Washington  Medal  Commission  of  Atoard 
ROBERT  W.  HUNT*  CHARLES  H.  MacDOWELI*> 

1  Uatil  Feb..  1919.         *  Until  Feb..  1920.         >  Until  Feb.,  1921.  «  Until  Feb..  1022.  ' 


American  Institute  op  Mining  Engineers  lix 

Pan-American  Engineering  Committee 

WALTER  H.  ALDRIOGE  W.  H.  LEONARD 

FREDERICK  K.  COPELAND  JOSEPH  W.  RICHARDS  P.  N.  MOORE 

Committee  on  Military  Engineering  of  New  York 

J.  PARKE  CHANNINQ  CHARLES  F.  RAND  BRADLEY  8TOUOHTON 

ARTHUR  S.  D WIGHT  L.  D.  RICKETTS  WILLIAM  H.  WILEY 

ALEX  C.  HUMPHREYS  WILLIAM  L.  SAUNDERS 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 

ARTHUR  F.  L.  BELL  HENNEN  JENNINGS  ALBERT  R.  LEDOUX 

E.  W.  PARKER  L.  D.  RICKETT8 

ZUctricity  in  Mining  Mine  Bxplctiont  Mins  Subsidence 

WILLIAM  KELLY  H.  M.  CHANCE  JAMES  F.  KEMP 

THOMAS  H.  LEGGETT  FRANK  HAAS  R.  V.  NORRIS 

SAMUEI.  A.  TAYLOR  CARL  8CHOLZ  CHARLES  K.  LEITH 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 

Copper:  F.  L.  ANTISELL  Aluminum:  JOSEPH  W.  RICHARDS 

Lead:  ARTHUR  S.  DWIGHT  Zinc:  GEORGE  C.  STONE 

JSridbel:  JOHN  F.  THOMPSON 


COMMITTEE  ADVISORY  TO  THE  U.  S.  TARIFF  COMMISSION 

Ferroua  MetaU  Non-ferroua  Metcda 

J.  E.  JOHNSON .  Jr.  HERMAN  GARLICHS 

H.  D.  HIBBARD  F.  LYNWOOD  GARRISON 

RICHARD  PETERS,  Jr.  FOREST  RITTHERFORD 


WAR  MINERALS  COMMITTEE 

WILLIAM  YOUNG  WESTERVELT,  Chairman, 

Repreeenting  A.  I.  M.  E.,  and  M.  and  M.  Soc.  of  Am. 
ALFRED  G.  WHITE,  Secretary, 

Representing  U.  S.  Bureau  of  Mines 
W.  O.  HOTCHKISS. 

Representing  Association  of  American  State  Geologists 
DAVID  WHITE. 

Representing  U.  S.  Geological  Survey 
HARVEY  S.  MUDD»  Asei.  Secretary 

Asseciaie  Members  from  the  A.  I.  M.  E. 

H.  A-  BUEHLER  S.  W.  McCALLIE  CHARLES  SIMENSTAD 

FR£I>  CARROLL  WILLET  G.  MILLER  H.  H.  STOEK 

N.  F.  DRAKE  EDMUND  NEWTON  JOSEPH  H.  TAYLOR 

IL  D.  GEORGE  H,  L.  NORTON  ARTHUR  L.  WALKER 

E.  A.  HOLBROOK  WILLIAM  C.  PHALEN  THOMAS  L.  WATSON 

EDWIN  LUDLOW  T.  A.  RICKARD  E.  B.  YOUNG 
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TECHNICAL  COMMITTEES 
Iron  and  Steel 

JOSEPH  W.  RICHARDS,  Chairman,  Lehigh  Univ.,  So.  Bethlehem,  Pa. 
J.  E.  JOHNSON,  Jr..  Vice-chairman 

Sub-committees 

IRON  ORE 

DWIGHT  E.  WOODBRIDGB,  Chairman 
ERNEST  F.  BURCHARD  WILLIAM  KELLY  CHARLES  F.  RANr> 

BLAST  FURNACES 

H.  A.  BRASSERT,  Chairman 
WILLIAM  H.  BLAUVELT  AMBROSE  N.  DIEHL  JAMES  QAYLEY 

RICHARD  V.  McKAY 

STEEL  WORKS 

HENRY  D.  HIBBARD,  Chairman 
OUILLIAEM  AERT8EN  C.  F.  W.  RYS  J.  S.  UNGER 

FRANK  D.  CARNEY  WILLIAM  R.  WALKER 

MECHANICAL  TREATMENT 

A.  A.  STEVENSON,  Che  rman 
CHARLES  A.  BUCK  ROBERT  W.  HUNT  FREDERICK  W.  WOOD 

GEORGE  MESTA 

FOUNDRY 

RICHARD  MOLDENKE.  Chairman 
JOHN  H.  HALL  ENRIQUE  TOUCEDA 

CHEMISTRY,  PHYSICS,  AND  METALLOGRAPHY 

HERBERT  M.  BOYLSTON,  Chairman 
WILLIAM  CAMPBELL  JOHN  A.  MATHEWS  ALBERT  SAUVEUR 

HENRY  M.  HOWE  E.  GYBBON  SPILSBURY  LEONARD  WALDO 

WILLIAM  R.  WEBSTER 

Petroleum  and  Gas 

ANTHONY  F.  LUCAS,  Chairman 
MARK  L.  HEQV A,  First  Vice-chairman 
ISAAC  N.  KNAPP.  Secretary 
RALPH  ARNOLD,  Vice-chairman  LEONARD  WALDO.  Vice-chairman 

WILLIAM  N.  BEST,  Vice-chairman  DAVID  WHITE,  Vice-chairman 

EDWIN  T.  DUMBLE,  Vice-chairman  I.  C.  WHITE,  Vice-chairman 

JAMES  F.  KEMP,  Vice-chairman 
ARTHUR  F.  L.  BELL  JOHN  R.  EDWARDS  EZEQUIEL  ORDONEZ 

FREDERICK  G.  CLAPP  JAMES  H.  GARDNER  M.  M.  VALERIUS 

EUGENE  COSTE  DORSEY  HAGER  CHESTER  W.  WASHBUR.NE 

DAVID  T   DAY  ALFRED  G.  HEGGEM  HERBERT  A.  WHEELER 

ALEXANDER  DEUSSEN  L.  L.  HUTCHISON  W.  E.  WRATHER 

Coal  and  Coke 

SAMUEL  A.  TAYLOR,  Chairman 
EDWIN  LUDLOW,  Vice-chairman  W.  J.  RICHARDS.  Vice-chairman 

FREDERICK  W.  C.  WHYTE,  Vice-chairman  H.  H.  STOEK.  Vice-chairman 

WILLIAM  E.  FOHL,  Secretary,  Farmers'  Bank  Bldg..  PitUburgh,  Pa. 
S.  B.  BELDEN  R.  DAWSON  HALL  FRANK  A.  RAY 

WILLIAM  H.  BLAUVELT  FRANK  ALBERT  HILL  THOMAS  H.  O'BRIEN 

H.  M.  CHANCE  CHARLES  F.  HUBER  GEORGE  S.  RICE 

THOMAS  H.  CLAGETT  JAMES  ELLWQOD  JONES         JOHN  J,  RUTLEDGE 

ELI  T.  CONNER  CHARLES  E.  KREBS  CARL  SCHOLZ 

JAMES  S.  CUNNINGHAM  GEORGE  J.  KREBS  JOHN  ROY  SHARP 

E.  V.  D'lNVILLIERS  A.  C.  LEISENRING  T.  W.  SPRAGUE 

W.  W.  DUFFIELD  SPENCER  R.  LOGAN  ARTHUR  H.  STORRS 

HOWARD  N.  EAVENSON  EUGENE  McAULIFFE  ISRAEL  C.  WHITE 

CHARLES  ENZIAN  CHARLES  T.  MALCOLMSON    WILLIAM  G.  WILKINS 

WILLIAM  A.  FORBES  FRANK  A.  MANLEY  LEWIS  L.  WILLARD 

WILLIAM  H.  GRADY  R.  V.    NORRIS         ^  CLINTON  M.  YOUNG 

FRANK  HAAS  CHARLES  J.  NORWOOD 
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Precious  and  Base  Metals 

CHARLES  W.  GOODALE,  Chairman 

ARTHUR  L.  WALKEAR,  Yiee-^iliaiTman  ROBERT  C.  OEMMELL,  Vie^-chairman 

DARSIE  C.  BARD.  Secretary,  MonUna  Stete  School  of  Mines,  Butte,  Mont 


Sub-committees 

COPPER 
EDWARD  P.  MATHEWSON.  Chairman 


LAWRENCE  ADDICKS 
W.  LAWRENCE  AUSTIN 
JOHN  C.  GREENWAY 
LAFAYETTE  HANCHETT 
L.  OGILVIE  HOWARD 


FREDERICK  LAIST 
C.  B.  LAKENAN 
GEORGE  W.  METCALFE 
L.  D.  RICKETTS 
FOREST  RUTHERFORD 


GEORGE  D.  VAN  ARSDALE 
ARTHUR  L.  WALKER 
ARCHER  E.  WHEELER 
ALBERT  £.  WIGGIN 


F.  L.  BOSQUI 
PHILIP  R.  BRADLEY 
CHARLES  BUTTERS 
ROBERT  C.  CANBY 
ALLAN  J.  CLARK 


C.  J.  ADAMI 
LEONARD  8,  AUSTIN 
WILLLAM  BRADEN 
ARTHUR  8.  DWIGHT 
KARL  EILERS 


Sw  E.  BRETHERTON 
GELASIO  CAETANI 
C.  A.  H.  DeSAULLES 


OOLD  AND  SILVER 

F.  LYNWOOD  GARRISON.  Chairman 

GEORGE  H.  CLEVENGER  WILLET  G.  MILLER 

HARRY  S.  DENNY  CHARLES  H.  MUNRO 

JOHN  V.  N.  DORR  R.  M.  RAYMOND 

CHARLES  W.  MERRILL  WHITMAN  SYMMES 

LEAD 

HEINRICH  O.  HOFMAN.  Chairman 

HERMAN  QARLICHS  WILLIAM  A.  SMITH 

ERNEST  A.  HERSAM  FREDERIC  R.  WEEKES 

G.  P.  HULST  RUSH  J.  WHITE 

SIDNEY  J.  JENNINGS  C.  W.  WHITLEY 

FRANK  M.  SMITH  WILLIAM  WRAITH 


ZINC 
GEORGE  C.  STONE,  Chairman 


H.  W.  GEPP 

W,  McA.  JOHNSON 

FREDERICK  LAIST 


DORSEY  A.  LYON 
OTTO  RISSMAN 
C.  E.  SIEBENTHAL 


SIEGFRIED  FISCHER 
FRANK  L.  HESS 
ZAY  JEFFRIES 


MISCELLANEOUS  METALS 
CHARLES  H.  FULTON,  Chairman 


ROBERT  M.  KEENEY 
GEORGE  A.  PACKARD 
WALTER  M.  STEIN 


JOSEPH  STRUTHERS 
WILLIS  R.  WHITNEY 


MARK  N.  ALLING 
SIDNEY  H.  BALL 
PIERRE  BOUERY 
C.  C   BRAYTON 
NEWTON  CLEAVELAND 
ROBERT  E.  CRANSTON 


PLACER  DEPOSITS 

CHARLES  JANIN,  Chairman 
F.  LYNWOOD  GARRISON 
J.  J.  HAMLYN 
W.  P.  HAMMON 
ROSS  B.  HOFFMANN 
HENNEN  JENNINGS 
E.  B.  KIMBALL 


Nonr^metaUic  Minerals 


CHESTER  F.  LEE 
H.  L.  MEAD 
F.  L.  MORRIS 
C.  H.  MUNRO 
WILLIAM  S.  NOYES 
HENRY  C.  PERKINS 
O.  B.  PERRY 


HEINRICH  RIES,  Chairman 
CHARLES  P.  BERKEY,  Vice-chairman  GEORGE  F.  KUNZ.  Vice-chairman 

EDWARD  W.  PARKER,  Vice-chairman 
WILLIAM  C.  PHALEN,  Secretary,  U.  S.  Bureau  of  Mines,  Washington,  D.  C. 
SAMUEL  W.  BEYER  F.  R.  HEWITT  WILLET  G.  MILLER 

H.  A.   BUEHLER  F.  C.  HOOPER  JOSEPH  HYDE  PRATT 

JOHN  A.  DRESSER  C.  COLCOCK  JONES  KENNETH  SEAVER 

R.   D.   GEORGE  C.  G.  MEMMINGER  THOMAS  L.  WATSON 

FRANK  L.  HESS  BENJAMIN  L.  MILLER 
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OFFICERS  AND  DIRECTORS 

For  the  year  ending  Februiiry,  1919 

President 
SIDNEY  J.   JENNINGS, New  York,   N.   Y. 

Past  Presidents 

L.  D.  RICKETTS, New  York,  N.  Y. 

PHILIP  N.  MOORE, St.  Louis,  Mo. 

First  Vice-president 
C.  W.  GOODALE, Butte,  Mont. 

Treasurer 
GEORGE  C.  STONE, New  York,  N.  Y. 

Secretary  Emeritus 
ROSSITER  W.  RAYMOND, New  York,  N.  Y. 

Secretary 
BRADLEY  STOUGHTON, New  York,   N.    Y. 

Vice-presidents 

KARLEILERS,!   .   . District  0 New  York,  N.Y. 

JAMES  MacNAUGHTON,!  ....  District  4 Calumet,   Mich. 

CHARLES  W.  GOODALE,*  ....  Districts Butte,  Mont. 

MARK  L.  REQUA,« District  6 San  Francisco,  Cau 

HENRYS.  DRINKER,* District  2 So.  Bethlehem,  Pa. 

ROBERT  M.  RAYMOND,'  ....   District  0 New  York,  N.  Y. 

Directors 

GEORGE  D.  BARRON,  1 District  0 New  York,  N.Y. 

EDWIN  LUDLOW,  1 District  2 Lansford,    Pa. 

CHARLES  F.  RAND,  1 District  0 New  York,  N.  Y. 

THOMAS  B.  STEARNS,  1 District  7 Denver,   Colo. 

B.  B.THAYER,! District  0 New  York,  N.  Y. 

J.  E.  JOHNSON,  JR.,« District  0 New  York,  N.  Y. 

ALLEN  H.  ROGERS,* District  1.    . Boston,    Mass. 

HOWARD  N.  E A VENSON,»     .    .    .  District  9 Gary,  W.   Va. 

J.  V.  N.  DORR,* District  0 New  York,  N.  Y. 

WILLET  G.  MILLER,* District  11 Toronto,  Canada. 

FREDERICK  G.  COTTRELL,'    .    .  District  6 San  Francisco,  Cal. 

HENNEN  JENNINGS," District  9 Washington,  D.  C. 

GEORGE  C.  STONE,* District  0 New  York,  N.  Y. 

SAMUEL  A.  TAYLOR,* District  2 Pittsburoh,    Pa. 

ARTHUR  THACHER,*  .  Districts St.  Louib,  Mo. 


1  Until  Feb.,  1919.  *  Until  Feb.,  1920.  » Until  Feb.,  1921. 
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flociates;  4.  Jumor  Aflsociates. 

to  the  privileges  of  membership,  excepting 

[iates,  and  Members  and  Associates  whose 

States,  Mexico^  and  Canada  shall  not  be 

ktes  residing  within  the  United  States  of 

arrears  for  dues,  shall  be  entitled  to  vote  in 

or,  as  hereinafter  provided  for,  by  letter 

all  those  persons  who  on  the  third  Monday 
Institute,  and  in  addition  thereto,  all  those 
class  of  Members. 

of  a^  and  must  have  had  at  least  six  jrears' 
[g,  mining,  eeology,  metallurgy  or  chemistrjr, 
'-nust  have  held  positions  of  responsibility  m 

of  a  college,  approved  by  the  Committee  on 
llent  to  two  years'  employment,  as  required 

ng,  mining,  geology,  metallurgy  or  chemistry, 
I  position  of  responsibility  as  specified  in  the 

dentific  literary  work  or  in  teaching  in  the 
^ed  by  the  Committee  on  Membersmp,  who 

or  in  the  active  practice  of  mining,  geology, 
per  the  time  so  spent  in  active  practice  as 

employment  in  Dositions  of  responsibilitjr, 
leld  seem  to  the  Committee  on  Membership 
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Biographical  Notice  of  James  Douglas 

BY  ROSSITER  W.  RAYMOND 

It  is  scarcely  necessary  to  augment  or  amend  the  ''Appreciation" 
of  Dr.  Douglas,  from  the  pen  of  Dr.  Albert  A.  Ledoux,  which  appeared 
in  January,  1916,  in  Bulletin  No.  109  of  the  Institute.  The  author  of 
that  admirable  summary  enjoyed  the  great  privilege  of  expressing  while 
Dr.  Douglas  was  yet  among  us  (though  already  marked  for  death) 
the  love  and  esteem  with  which  we  all  regarded  him.  But  now  that  his 
earthly  life  has  ended,  the  historian  must  still  be  the  eulogist.  No  line 
need  be  added  or  deleted  in  the  portrait  of  him  already  drawn; 
it  has  only  to  be  accepted  now  as  a  true  likeness,  and  hung  in  the  gallery 
of  the  immortals,  illuminated  by  the  crowning  glory  of  another  world. 

James  Douglas  was  born  at  Quebec,  Canada,  November  4,  1837. 
His  father,  James  Douglas,  was  a  distinguished  physician  and  surgeon, 
known  in  many  lands,  especially  in  the  Orient,  and  famous  in  his  own 
country  for  his  philanthropy  as  well  as  his  skill,  having  established  and 
direct'Cd  for  many  years  the  first  retreat  for  the  insane  in  the  Dominion 
of  Canada. 

One  of  the  latest  literary  labors  of  the  son  was  the  editing  and  publish- 
ing of  his  father's  journal  and  reminiscences — a  fascinating  volume, 
the  review  of  which,  though  a  tempting  task,  I  must  here  forego.  Nearly 
fifty  years  ago,  I  had  the  great  pleasure  of  spending  an  hour  with  the  elder 
Douglas,  who  guided  me  through  his  collection  of  Egyptian  and  Asiatic 
treasures.  I  might  almost  say  souvenirs;  so  many  of  them  were  con- 
nected with  personal  experiences  and  exalted  personages.  The  veteran's 
memory  had  already  begun  to  fail  with  age,  but  his  vivacity  and  imagi- 
nation glowed  all  the  more  brightly;  and  his  reminiscences  of  travel 
and  adventure  were  embroidered  with  Oriental  magnificence.  I  felt, 
after  that  hour,  as  if  I  had  visited  a  stately,  half-ruined  edifice,  overgrown 
with  vines  and  flowers. 

The  father's  genius,  adventurous  spirit  and  generous  philanthropy 
descended  to  his  versatile,  yet  practical  son.  Like  other  men  of  such  tem- 
peramenti  James  Douglas  tried  many  things  before  circumstances  beyond 
his  own  control  forced  him  into  the  line  of  his  principal  lifework.  At  the 
age  of  18,  he  was  sent  to  the  University  of  Edinburgh,  where  he  studied 
for  two  years.  Returning  to  Canada,  he  entered  Queen's  University, 
at  Kingston,  Ontario,  where  he  was  graduated  as  Bachelor  of  Arts  in 
1858.     Subsequently  he  studied  medicine  at  Laval  University,  Quebec; 
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and  it  was  doubtless  during  this  period  that  he  assisted  his  father  in  the 
management  of  the  Quebec  lunatic  asylum;  and  also  traveled  extensively 
with  him  in  Europe  and  the  East.  In  connection  with  his  study  of  medi- 
cine at  Laval  University  he  became  interested  in  chemistry,  which  he 
afterward  taught  for  several  years  at  Morrin  College,  Quebec.  No 
doubt  his  excursion  in  this  direction  was  initiated  by  his  acquaintance 
with  a  man  who  was  destined  to  have  a  decisive  influence  upon  his  future 
career,  namely,  Thomas  Sterry  Hunt,  at  that  time  about  33  years  old, 
who  was  lecturing^  on  chemistry  in  the  French  language  at  Laval.  Hunt's 
prodigious  intellectual  activity,  keen  insight  into  the  facts  and  laws  of 
nature,  and  fierce  enthusiasm  in  the  pursuit  of  scientific  truth  (qualities 
evident  enough  in  later  years,  but  doubtless  supereminent  in  his  youthful 
prime)  must  have  affected  profoundly  a  mind  like  that  of  Douglas. 
The  two  became  close  friends  and  in  after  years  business  partners. 
Yet  meanwhile  their  paths  were  widely  sundered.  Hunt  continued  his 
brilliant  career  as  chemist  and  geologist,  on  the  Canada  Geological  Sur- 
vey, in  the  faculty  of  McGill  University,  on  the  juries  of  successive 
international  expositions,  as  the  recipient  of  sundry  honorary  degrees 
and  decorations,  as  prolific  author  of  notable  scientific  papers,  and  finally 
as  Professor  of  Geology  in  the  Massachusetts  Institute  of  Technology, 
and  one  of  the  most  active  promoters  and  officers  of  the  American  In- 
stitute of  Mining  Engineers.  Douglas,  meanwhile,  returned  to  Edin- 
burgh, to  continue  the  study  of  medicine — choosing,  however,  this  time 
the  more  scientific  branch  of  surgery — and  pursuing  as  an  avocation  at 
the  same  time  a  course  on  theology,  which  he  carried  so  far  as  to  receive 
a  license  to  preach.  It  is  permissible  to  conjecture  that  he  propheticaUy 
foresaw  the  type  of  spiritual  leader  who  ministers  to  both  soul  and  body — 
a  type  more  fully  developed  nowadays  in  the  medical  missionary, 
and  furnishing  for  Douglas  a  welcome  compromise,  or  rather  combination, 
of  activities,  satisfying  at  once  his  love  of  science  and  his  love  of  men. 
But  his  professional  plans  were  cut  short  by  the  pecuniary  embarrass- 
ments of  his  father,  who  had  made  unfortunate  investments  in  mining 
schemes.  To  assist  him,  the  younger  Douglas  returned  to  Canada,  about 
1871. 

The  investments  referred  to  were  in  the  Harvey  Hill  copper  mines 
in  Quebec,  the  2-per  cent,  copper  ores  of  which  could  not  be  economically 
treated  at  that  time  by  any  known  process.  Douglas  was  doubtless 
familiar  with  the  researches  of  Sterry  Hunt  on  the  reactions  between 
cupric  oxide,  sulphur  dioxide,  etc.,  and  had  recourse  to  his  old  friend  in 
this  emergency.  Together  they  worked  out  the  famous  Hunt  and  Doug- 
las process,  the  original  form  of  which  was  described  by  Hunt  as  follows:^ 

^  T.  Sterry  Hunt :  Remarks  on  the  Hunt  and  Douglas  Copper  Process.     Trans, 
(1871-73),  1,  258. 
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The  esiiential  principle  of  this  new  process  *  *  *  *  is  the  dissolving  of  the  oxides 
of  copper  hy  a  hot  solution  of  protocbloride  of  iron  and  common  salt.  In  the  action 
which  takes  place,  the  protochloride  of  iron  is  converted  into  peroxide,  while  the 
oxides  of  copper  are  changed  to  protochloride  and  dichloride,  the  latter  of  which, 
though  insoluble  in  water,  is  readily  soluble  in  a  hot,  stroDg  brine.  From  the  solution 
thus  obtained,  metallic  iron  throws  down  the  copper  in  a  metallic  state,  regenerating 
the  protochloride  of  iron,  which  is  then  ready  for  the  treatment  of  a  fresh  portion  of 
oxidized  copper  ore. 

The  obvious  ingenuity  and  beauty  of  this  process  made  it  very  attract- 
ive to  metallurgists;  and  for  a  time  it  was  believed  that  the  treatment  of 
2-per  cent,  copper  ores  had  been  made  economically  practicable  in  this 
way.  It  would  be  easy  but  tedious  to  enumerate  here  the  many  practical 
and  commercial  difficulties  which  have  proved,  so  far,  insurmountable 
by  such  methods.     In  1893,  Douglas  himself  wrote:* 

There  has  been,  however,  but  little  patronage  extended  to  wet  copper-methods, 
mainly  because  we  do  not  possess,  within  accessible  reach  of  the  chemical  centers, 
any  large  bodies  of  cupriferous  pyrites,  whose  residues,  after  the  extraction  of  sulphur 
and  copper,  would  possess  value  as  an  iron-ore.  The  treatment  of  the  low-grade 
oxidized  ores  of  the  Southwest  is  awaiting  reaUzation.  In  the  past,  various  attempts 
have  been  made  to  employ  old  and  new  wet  methods;  but  none  has  proved  com- 
mercially successful,  nor  has  any  survived  until  to-day. 

In  1875,  Mr.  Douglas  came  to  the  United  States  as  Superintendent  of 
the  Chemical  Copper  Co.,  of  Phoenix ville,  Pa.,  which  treated  copper  ores 
and  pyritic  cinders,  and  also  melted  and  refined  base  metal.  A  variety 
of  the  Hunt  and  Douglas  process  was  employed  for  extraction.  It  was 
a  small  plant,  and  ill-supplied  with  capital.  I  remember  examining  it 
while  Douglas  was  in  charge,  and  admiring  the  courage  with  which  he 
struggled  against  technical  difficulties,  and  the  ingenuity  with  which 
he  devised  substitutes  for  expensive  apparatus.  It  was  an  up-hill  busi- 
ness, and  after  some  years  of  strenuous  endeavor,  the  plant  was  destroyed 
by  fire.  But  the  discipline  of  the  long  contest  had  made  a  strong  man  of 
Douglas,  while  his  business  relations  had  brought  him  into  contact  with 
many  who  could  not  fail  to  be  impressed  by  his  abiUty  and  integrity. 
For  some  years  after  the  failure  of  the  Phoenixville  enterprise,  he  was 
without  fixed  employment,  though  he  did  some  important  consulting 
work,  visiting  Montana,  Colorado  and  other  mining  districts.  Concern- 
ing the  stroke  of  well  earned  **good  luck"  which  placed  him  on  the 
straight  road  to  fame  and  fortune,  I  cannot  do  better  than  quote  the  story 
as  told  by  Dr.  Ledoux: 

An  accident  brought  him  into  contact  with  the  old  metal  house  of  Phelps,  Dodge 
A  Co.    When  the  Copper  Queen  mine  was  opened  by  Martin  and  Reilly,  the  first 

'James  Douglas:  Summary  of  American  Improvements  and  Inventions  in  Ore- 
crushing  and  Concentration,  and  in  the  Metallurgy  of  Copper,  Lead,  Gold,  Silver, 
Nickel,  Aluminum,  Zinc,  Mercury,  Antimony  and  Tin.  Trans.  (1893),  22,  321 
(Chicago  meeting,  1893,  being  part  of  the  International  Engineering  Congress). 
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carloads  of  copper  bars  were  seut  to  Phoenixville  to  be  re6ned  by  Dr.  Douglas's 
works.  He  had  been  introduced  to  Mr.  William  E.  Dodge  and  had  been  retained 
to  report  on  the  Detroit  Copper  Company's  mines  in  Arizona.  This  firm  was  con- 
servative in  the  extreme  and,  while  very  large  sellers  of  metals,  had  but  recently 
entered  into  the  mining  field,  considering  mining  somewhat  of  a  gambling  venture. 
Urged  by  an  acquaintance,  they  had  taken  an  option  on  the  former  Copper  Queen— 
the  original  of  the  name — ^in  Arizona,  and  engaged  Dr.  Douglas  to  examine  it.  They 
agreed  to  pay  his  expenses  and  to  furnish  him  with  a  certain  sum  of  money  with  which 
to  test  the  property,  promising  that  if  they  took  it  over  on  his  recommendation, 
they  would  place  the  management  in  his  hands  and  give  him  an  interest. 

The  world  knows  to  what  great  heights  Phelps,  Dodge  &  Co.  have  attained  in 
the  mining  business.  Dr.  Douglas,  upon  the  incorporation  of  the  firm,  became  its 
President.  The  writer  feels  sure  that  those  who  have  succeeded  to  the  control  of 
this  corporation  after  the  deaths  of  Messrs.  William  E.  Dodge,  Senior  and  Junior, 
and  of  Mr.  D.  Willis  James,  will  not  resent  the  statement  that,  in  the  writer's  opinion, 
Dr.  Douglas  supplied  the  imagination  necessary  in  all  great  enterprises,  while  they 
supplied  the  money  and  equally  important  careful  business  management. 

The  product  of  the  smelter  at  Bisbee  was  hauled  several  miles  to  the  railroad  by 
mules.  He  put  in  the  first  traction  engines  employed  in  the  Southwest.  This  method 
becoming  too  slow,  he  built  the  railroad  from  Bisbee  to  Fairbanks,  the  junction  with 
the  Southern  Pacific.  When  the  product  of  the  Copper  Queen  became  too  great  to 
handle  economically  at  Bisbee,  it  was  his  idea  to  establish  at  Douglas  the  beginning 
of  the  great  smelting  plant  which  today  is  second  to  none — ^if  not  in  capacity,  at 
least  in  well  thought-out  installation  and  correlation  of  its  parts;  in  efficiency  and 
economy  in  management. 

Looking  further  ahead  than  the  life  of  the  Copper  Queen,  it  was  Dr.  Douglas  who 
suggested  the  taking  over  of  adjoining  properties  in  the  Bisbee  camp,  and  the  agree- 
ment to  disregard  the  law  of  the  apex  and  questions  of  extra-lateral  right,  so  there  has 
been  no  litigation  at  Bisbee  from  these  fertile  sources  of  trouble  in  most  mining 
camps. 

It  was  Dr.  Douglas  again,  when  fuel  became  expensive  and  irregular  in  delivery, 
who  suggested  the  organizing  of  a  coal  company  to  supply  their  own  needs  and  to 
enable  them  to  sell  coal  and  coke  to  others  without  paying  tribute  in  high  freights  to 
the  railroad.  Again,  it  was  his  suggestion  that  their  railroad  should  be  extended  to 
El  Paso,  and  that  branch  lines  should  be  built  into  Mexico,  where,  on  his  initiative, 
Phelps,  Dodge  &  Co.  had  already  secured  important  producing  mines,  destined  to 
add  a  very  considerable  tonnage  to  their  output  of  copper. 

In  1875,  the  year  when  Douglas  came  to  Phoenixville,  he  was  elected 
a  member  of  this  Institute,  and  in  June,  1876,  he  entertained  at  his 
works  a  visiting  party  of  its  members.  Already,  thus  early  in  his  career, 
he  manifested  the  quality  which  was  afterward  so  characteristic  of 
him — a  great  willingness  to  communicate,  as  well  as  to  receive,  the  results 
of  discovery  and  practice.  The  Institute,  founded  to  promote  this 
open  interchange  of  professional  knowledge,  appealed  peculiarly  to  his 
mind,  which  disdained  to  harbor  secrets.  Through  the  five  years  in  which 
he  bravely  fought  at  Phoenixville  a  losing  fight,  he  remained  in  the  Insti- 
tute; but  when  that  enterprise  had  failed,  and  he  was  obliged  to  begin 
again  somewhere  else,  he  resigned  his  membership,  the  annual  expense  of 
which   he   could    not   conscientiously   afford.     But   after   professional 


R08SITER  W.   RAYMOND  1407 

recognition  and  business  success  had  returned  to  him,  he  secured  rein- 
statement in  that  relationship  and  thenceforth  unto  the  end  was  in  every 
way  a  loyal,  potent  and  munificent  supporter  of  the  Institute.  I  men- 
tion this  episode  of  his  temporary  retirement,  because  it  was  influential 
in  the  history  of  the  Institute  itself.  For  years  after  Dr.  Douglas  had  be- 
come a  leader  in  its  management  (he  was  Vice-president  in  1897-8,  Presi- 
dent in  1899-1900,  Director  from  1905  to  1913,  Honorary  Member  from 
1906,  and  Vice-president  of  the  Board  of  Directors  from  1906  to  1911) 
he  was  a  strong  opponent  of  the  increase  of  annual  dues.  Even  after 
the  acceptance  by  the  Institute  of  Mr.  Carnegie's  gift  (involving  a  heavy 
land-debt),  he  was  not  willing  to  meet  additional  expenses  in  that  way. 
"I  remember,"  he  used  to  say,  "when  even  ten  dollars  a  year  was  too 
great  a  burden  for  me;  and  I  will  not  vote  to  lay  a  heavier  load  upon 
young  American  engineers."  I  promised,  as  Secretary,  to  take  care  of 
all  office  expenses  out  of  the  annual  dues  as  they  stood;  and  that  promise 
was  kept.  But  it  was  not  possible  to  make  payments  also  upon  the  land- 
debt;  and  we  proposed  to  pay  that  by  subscription.  This  is,  indeed, 
what  was  finally  done;  and,  without  disparaging  the  liberality  of  other 
subsoribers,  it  must  be  said  that  the  early  success  of  the  movement,  which 
paid  the  whole  debt  ($180,000  and  interest)  ten  years  before  the  final 
payment  was  due  under  the  terms  of  the  mortgage,  was  chiefly  the  work 
of  James  Douglas.  It  is  true,  that  after  this  achievement,  the  Institute 
was  unable  to  meet  its  running  expenses  without  raising  the  dues  to  $12, 
and  Mr.  Douglas  was  beaten  on  that  point,  after  all.  But  the  whole 
story  shines  with  his  generous  and  sympathetic  courage. 

One  day,  in  a  private  talk  over  Institute  affairs,  I  would  have  cau- 
tioned him  against  a  too  reckless  giving  away  of  his  money;  but  he  cut 
me  short  by  saying,  "This  year,  for  the  first  time  in  my  life,  I  have  what 
I  may  call  a  large — really,  Raymond,  a  very  large — income;  and  I  mean 
to  get  some  pleasure  out  of  it!" 

At  the  time  when  Phelps,  Dodge  &  Co.  became  a  corporation,  the 
members  of  the  firm  set  aside  $10,000  as  a  gift  to  Dr.  Douglas,  in  recog- 
nition of  his  past  services.  But  under  his  earnest  persuasion,  they  gave 
the  money  to  the  Institute  land-fund  instead,  in  addition  to  their  earlier 
subscription  of  some  thousands  of  dollars.  He  was  himself  also  at  that 
time  already  a  large  subscriber. 

This  does  not  exhaust  the  list  of  his  benefactions  to  the  Institute. 
After  the  land-fund  had  been  completed,  he  gave  $100,000  to  the  Library; 
and  it  is  reported  in  the  newspapers  that  he  left  to  the  same  object  $100,- 
000  more  in  his  will. 

Dr.  Douglas's  contributions  to  our  Transactions  are  shown  in  the 
following  table: 
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Besides  these  professional  papers,  and  many  of  the  same  class  read 
before  other  technical  societies,  Dr.  Douglas  published  the  following 
books: 

Canadian  Independence,  Annexation  and  Imperial  Federation. 

Old  France  in  the  New  World. 

New  England  and  New  France. 

Journal  and  Reminiscences  of  Jarnes  Douglas,  M.D.,  Edited  by  his  son. 

He  received  the  degree  of  LL.D.  from  both  Queen's  University  (of 
which  he  was  Chancellor  when  he  died)  and  McGill  University,  of  which 
he  had  been  a  trustee  for  many  years.  In  1906,  the  gold  medal  of  the 
Institution  of  Mining  and  Metallurgy  of  Great  Britain,  and  in  1916  the 
John  Fritz  gold  medal,  were  awarded  to  him.  In  1906,  as  already  men- 
tioned, he  was  elected  an  Honorary  Member  of  this  Institute,  and  in  1907 
the  same  title  was  conferred  upon  him  by  the  Mining  and  Metallurgical 
Society  of  America.  He  was  a  member  of  the  American  Philosophical 
Society,  the  American  Geographical  Society,  the  Society  of  Arts,  of 
London,  the  Iron  and  Steel  Institute,  and  other  learned  and  professional 
bodies. 
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Besides  his  munificence  toward  this  Institute,  Dr.  Douglas  was  a 
liberal  benefactor  of  many  good  causes  and  institutions  and  of  innumer- 
able individuals.  A  few  instances  only  can  be  mentioned  here.  A  much 
larger  number  will  never  be  publicly  known.  In  addition  to  his  generous 
gifts  during  his  life,  he  bequeathed  $100,000  to  the  American  Museum 
of  Natural  History,  $100,000  to  this  Institute,  $100,000  to  the  General 
Hospital  at  Kingston,  Canada,  and  $50,000  to  McGill  University,  be- 
sides legacies  to  many  employed. 

In  short,  he  lived  long  enough  to  realize  the  purpose  of  his  life,  and  to 
"get  some  pleasure  out  of  it." 

Dr.  Douglas  in  1860  married  Miss  Naomi  Douglas,  daughter  of  Cap- 
tain Walter  Douglas,  of  Quebec,  who  survives  him,  together  with  two 
sons  and  two  daughters:  Major  James  F.  Douglas,  developer  of  the 
United  Verde  Extension  Mine,  who  is  now  serving  in  France;  Walter 
Douglas,  who  succeeded  his  father  as  President  of  the  Phelps-Dodge 
Corporation;  Mrs.  Edith  M.  Douglas,  wife  of  Archibald  Douglas,  a 
New  York  lawyer  of  extensive  mining  interests;  and  Miss  Elizabeth 
Douglas. 

Good-by  for  a  while,  James  Douglas! — ^unwearied  worker,  courageous 
leader,  wise  counsellor,  glad  giver,  faithful  lover  and  friend — ''Douglas, 
Douglas,  tender  and  true!" 


TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  BNQINBERS 
[SUBJECT  TO  HEVI8ION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Colorado  meeting,  September.  1918,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disottstion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
aoth  Street.  New  YorkrN.  x .,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unlen  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Oet.  1,  1918.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Hefhod  of  Fixing  Prices  of  Bituminous  Coal  Adopted  by  the  United 

States  Fuel  Administration* 

BY  CYKUB  OARNSET,  JR.,  R.  V.  NORRIS,  AND  J.  H.  ALLFORTf 

(Colorado  Meeting,  September,  1918) 

Necessity  fob  Price  Fixing 

During  the  latter  part  of  1916  and  the  early  months  of  1917,  due  to 
war  activities,  there  was  a  threatened  shortage  of  coal  which  resulted  in 
panic  among  consumers  and  a  rush  to  obtain  coal  at  once  at  any  price. 
As  a  result  of  this  insistent  demand  for  immediate  delivery,  prices  were 
bid  up  by  the  consumers  to  unprecedented  heights;  spot  coal  which  had 
previously  been  selling  at  from  $1.50  to  $2  per  ton  was  bid  up  to  $5,  $6, 
and,  in  exceptional  cases,  as  high  as  $7.50  or  more  per  ton.  Then  when 
the  April,  1917,  contract  period  arrived,  contracts  could  be  made  only  at 
prices  ranging  from  $3  up  to  $5  and  $6  per  ton  for  the  year's  delivery. 

This  condition  caused  such  a  demoralization  of  the  business,  and  so 
much  complaint,  that  some  action  to  regulate  prices  was  considered 
essential  by  the  National  Administration. 

Lane-Peabody  Agreement 

In  May,  1917,  a  committee  under  the  chairmanship  of  F.  S.  Peabody, 
of  Chicago,  was  appointed  by  the  Council  of  National  Defense,  through 
Mr.  Lane,  to  consider  the  whole  question  of  bituminous  coal.  This 
committee,  with  the  Secretary  of  the  Interior,  Mr.  Lane,  after  numerous 
meetings  and  long  negotiations  with  the  operators  throughout  the  coun- 
try, announced  on  June  29  an  agreement  between  the  Committee  and  the 
producers,  fixing  a  tentative  maximum  price  for  bituminous  coal  through- 
out the  country  at  $3  per  net  ton  f .o.b.  mines,  to  which  was  added  25  c. 
for  selling  commission  to  wholesalers. 

This  plan  was  based  on  the  idea  of  fixing  a  maximum  price,  high 
enough  to  greatly  stimulate  production,  with  the  expectation  that  the 
laws  of  supply  and  demand  would,  with  ample  production,  operate  to 
maintain  fair  and  just  prices  for  coal  throughout  the  country. 


*Read  before  the  Anthracite  Section,  Wilkes-Barre,  Pa.,  Aug.  10,  1918. 
t  £ng;ineers  to  United  States  Fuel  Administration. 
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The  "Lever  Act" 

With  the  country  plunged  into  the  greatest  war  of  history,  it  became 
evident  that  distinct  power  should  be  given  the  Administration  to  control 
efficiently  war  necessities,  food  and  fuel,  needed  in  ever-increasing 
amounts,  not  only  by  our  own  country  but  by  our  allies,  and  for  our  armies 
in  this  country  and  abroad.  With  this  in  view,  the  Sixty-fifth  Congress 
passed  House  Bill  No.  4961,  generally  known  as  the  "Lever  Act,"  en- 
titled "An  Act  to  provide  further  for  the  national  security  and  defense 
by  encouraging  the  production,  conserving  the  supply,  and  controlling 
the  distribution  of  food  products  and  fuels."  It  was  approved  Aug. 
10,  1917. 

Section  5  of  the  Lever  Act  authorizes  the  licensing  of  "the  importa- 
tion, manufacture,  storage,  mining  or  distribution  of  any  necessities;" 
and  Section  25,  "to  fix  the  price  of  coal  and  coke,  whenever  and  wherever 
sold,  either  by  producer  or  dealer."  It  is  further  provided  in  this  section 
"in  fixing  maximum  prices  for  producers,  the  commission  shall  allow 
the  cost  of  production,  including  the  expense  of  operation,  maintenance, 
depreciation  and  depletion,  and  shall  add  thereto  a  just  and  reasonable 
profit."*  "In  fixing  such  prices  for  dealers  the  commission  shall  allow 
the  cost  to  the  dealer  and  shall  add  thereto  a  just  and  reasonable  sum  for 
his  profit  in  the  transaction." 

[The  powers  of  the  Federal  Trade  Commission  as  to  coal  were,  with 
certain  minor  exceptions,  transferred  to  the  United  States  Fuel  Adminis- 
tration by  order  of  the  President  on  July  3,  1918.] 

The  "President's  Pricbb" 

On  Aug.  21,  1917,  the  President  announced  prices  for  bituminous 
coal  throughout  the  United  States,  specifying  prices  for  run-of-mine, 
prepared  sizes,  and  slack  or  screenings,  by  States  and,  in  a  few  instances, 
by  districts  or  by  seams.  These  prices  for  run-of-mine  coal  varied  fronx 
$1.90  to  $3.25,  and  were,  in  general,  a  very  great  reduction  from  the  prices 
fixed  by  the  Lane-Peabody  Commission. 

These  prices  were  based  on  average  figures  on  about  100,000,000 
tons  production,  prepared  by  the  Federal  Trade  Commission,  from  the 
very  meager  data  in  its  possession,  generally  costs  from  the  larger  and 
lower-cost  operations  of  each  district. 

The  Fuel  Administration 

On  Aug.  23, 1917,  Mr.  Harry  A.  Garfield  was  appointed  United  States 
Fuel  Administrator  by  the  President,  and  to  him  was  delegated  the  pow- 
ers as  to  fuel,  conferred  by  said  act  on  the  President.  On  the  same  day, 
by  Presidential  proclamation,  prices  were  fixed  on  Pennsylvania  anthra- 
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cite  coal.  From  this  date  until  early  in  January,  1918,  numerous  revi- 
sions and  adjustments  of  *'The  President's  Prices"  were  made  by  the 
Fuel  Administrator,  but  no  general  verification  or  revision  was  attempted. 

Early  in  January,  the  Engineers'  Committee  was  constituted,  and 
to  this  Committee  was  entrusted  the  making  of  a  general  review  of  costs, 
and  the  submission  to  the  United  States  Fuel  Administrator  of  the  results 
of  careful  studies  of  the  costs  of  producing  coal  throughout  the  United 
States.  The  Committee  was  not  then,  and  never  has  been,  authorized  to 
fix  prices  on  coal;  the  limit  of  its  duties  has  been  to  study  and  report 
on  methods  of  price  fixing  and  to  determine  and  furnish  costs,  leaving 
to  the  Fuel  Administrator  the  personal  duty  of  determining  the  amount 
of  margin  to  be  allowed. 

The  Committee's  first  work  was  a  study  of  price-fixing  methods 
which  were,  or  might  be,  applicable  to  coal-producing  conditions.  In 
arriving  at  a  logical  and  scientific  plan  for  fixing  the  price  of  fuel  the 
following  methods  were  considered: 

1.  Straight  Cost  Plris  Method. — The  actual  cost  at  each  colliery  plus  a 
fixed  sum  or  percentage  of  profit. 

2.  Modified  Cost  Plus  Method, — The  actual  cost  at  each  colliery  plus  a 
graduated  profit  decreasing  as  costs  increase. 

3.  Average  Cost  Methods, — Prices  fixed  on  the  average  cost  in  each 
district. 

4.  Pooling  Methods. — All  coal  sold  at  the  average  cost  of  each  district 
plus  a  profit,  and  the  returns  to  each  colliery  adjusted  through  a  clearing 
house  at  a  price  proportioned  to  its  cost  of  production. 

Discussion  of  Advantages  and  Disadvantages 

OF  These  Methods 

1.  Straight  Cost  Pliis  Method 

Advantages. — (a)  All  producers  would  receive  the  same  profit,  and  no 
one  would  have  an  advantage  over  another  in  this  respect. 

(6)  Apparently  simple  in  plan  and  execution. 

Disadvantages. — Impracticable  of  application,  by  reason  of: 

(a)  Resultant  multiplicity  of  prices,  with  grave  disturbance  of 
markets. 

(6)  Continual  changing  of  prices  due  to  inevitable  variations  in  each 
producer's  costs. 

(c)  Instability  of  the  industry,  due  to  the  natural  disposition  of 
consumers  to  purchase  the  lowest-price  coal. 

(d)  IneflBciency  in  operation  always  resulting  from  lack  of  incentive 
in  cost  plus  operations. 

(e)  Material  reduction  in  output  and  reduction  in  quality  due  to  the 
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natural  tendency  to  mine  the  poorer  and  more  expensive  coal  with  a 
guaranteed  profit,  and  to  leave  the  better  and  cheaper  coal  in  reserve 
to  be  mined  on  the  return  of  normal  conditions. 

(J)  Continual  increase  in  all  costs  incident  to  extravagant  methods 
encouraged  by  guaranteed  profits. 

(g)  Labor  unrest  and  constant  demands  for  increases  due  to  the 
knowledge  of  a  guaranteed  profit  regardless  of  cost. 

(fc)  Practical  impossibility  of  arriving  with  technical  accuracy  at  the 
costs  of  each  separate  operation. 

(i)  Impracticability  of  the  Government's  policing  the  mines  and 
securing  the  same  efficient  operation  and  production  attained  by  the 
individual  producer  under  the  stimulus  of  increased  profits. 

(J)  Illogical,  in  that  the  better  planned  and  managed  operations  are 
discouraged,  as  compared  with  poor  and  inefficiently  managed  properties. 

2.  Modified  Cost  Plus  Method 

This  is  but  a  modification  of  the  preceding,  and  the  same  discussion 
applies,  modified  only  by  the  inclusion  of  a  somewhat  greater  incentive 
to  the  better  and  more  economical  operations. 

3.  Average  Cost  Methods 

Advantages. — A  minimum  uniform  price  for  each  district  or,  if  desired, 
for  the  entire  country. 

Disadvantages. — (a)  The  average  cost  is  necessarily  less  than  the  cost 
of  about  half  the  total  tonnage.  Hence,  a  reasonable  profit  put  on  the 
average  cost  would  not  produce  the  necessary  tonnage. 

(6)  The  tonnage  below  and  up  to  the  average  cost  is  actually  produced 
by  less  than  30  per  cent,  of  the  operators  of  the  country.  Hence,  the 
great  majority  of  the  operators  producing  at  above  average  cost  would 
be  put  out  of  business  by  a  price  based  on  the  average. 

4.  Pooling  Methods 

Pooling  may  be  done  on  either  cost  plus,  modified  cost  plus,  or  on  the 
prices  established  by  the  United  States  Fuel  Administration. 

Advantages. — (a)  A  uniform  price  to  consumers  for  sections  and,  if 
desired,  for  the  entire  country. 

(6)  A  present  lower  price  to  consumers  based  on  weighted  average 
cost. 

(c)  A  simplification  of  all  present  pooling  arrangements,  as  all  coal 
to  each  pool  would  have,  or  could  be  arranged  to  have,  the  same  price. 

(d)  A  return  to  the  consideration  of  quality  instead  of  cost,  as,  with 
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all  coal  at  the  same  price  to  consumers,  the  higher  qualities  would 
naturally  be  preferred. 

Disadvantages  of  Pooling  Cost  Plv^  or  Modified  Cost  Plus  Methods, — 

(a)  Continual  variation  in  pool  prices,  due  to  inevitable  variations 
in  producers'  costs. 

(&)  Unfair  and  illogical,  in  that  the  better  located  and  managed  opera- 
tions are  made  to  pay  tribute  to  the  poor  and  badly  managed  ones. 

(c)  A  general  and  considerable  increase  in  cost  inevitably  resulting 
from  any  method  involving  guaranteed  profits  with  a  disregard  of 
economy. 

(rf)  A  material  reduction  in  output,  due  to  lack  of  incentive  and  re- 
sulting inefficient  methods,  the  employment  of  unnecessary  labor,  the 
mining  of  the  more  expensive  and  less  desirable  qualities  of  coal  for  the 
ultimate  benefit  of  the  mines,  and  the  execution  of  development  not  im- 
mediately needed. 

(e)  A  slacking  of  the  efforts  of  employees,  which  is  the  usual  result  of 
a  lack  of  incentive  to  the  producer,  with  the  resulting  lack  of  interest. 

(/)  The  installation  of  an  unsound  policy  tending  to  encourage  the 
inefficient  and  discoxirage  the  efficient  producer. 

[g)  The  ever-present  temptation  to  allow  costs  to  increase  with  the 
hope  of  readjustment  of  prices. 

(A)  Dissatisfaction  to  both  labor  and  to  producers  from  the  knowledge 
that  other  and  less  efficient  operations  have  higher  limits  of  price. 

The  disadvantage  of  pooling  on  the  prices  fixed  by  the  United  States 
Fuel  administration  are  the  same  as  suggested  above,  without  some  of  the 
special  disadvantages  of  cost  plus  methods. 

Disadvantage  of  Pooling  in  General,  —(a)  A  very  large  capital  required 
to  handle  such  stupendous  operations. 

(6)  Enormous  and  extended  credits  required  to  finance  the  producers. 

(c)  Lack  of  organization  to  handle  this  new  business. 

(d)  Undesirability  of  creating  such  an  organization  with  its  army 
of  additional  employees  at  the  present  time. 

(e)  Inadvisability  of  putting  a  new  and  untried  plan  into  operation 
at  the  present  time. 

(/)  Impossibility  of  obtaining,  with  sufficient  promptness,  the  costs 
necessary  to  fix  pooling  prices  with  the  necessary  accuracy. 

{g)  Interference  with  present  established  methods  of  handling 
coal,  with  serious  risk  of  crippling  its  distribution  and  unnecessarily 
creating  a  shortage. 

None  of  these  suggested  methods  seemed  to  fill  the  peculiar  conditions 
incident  to  price  fixing  of  coal  at  the  mines,  and  it  devolved  upon  the 
Engineers'  Committee  to  develop  some  method  better  suited  to  the  con- 
ditions of  the  problem. 
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The  Price  Fixing  Method  Adopted 

The  study  of  the  conditions  indicated  the  necessity  of  finding  a  method 
of  price  fixing  which  would  fill  as  nearly  as  practicable  the  following 
requirements: 

1.  Result  in  a  price  fair  to  the  public. 

2.  Prevent  excessive  prices  or  profiteering. 

3.  Prevent  a  multiplicity  of  prices  in  any  district. 

4.  Encourage  legitimate  production. 

5.  Discourage  production  from  inefficient  and  unduly  costly  opera- 
tions. 

6.  Insure  to  the  producer  *Hhe  cost  of  production,  including  the  ex- 
pense of  operation,  maintenance,  depreciation,  and  depletion,  with  a 
just  and  reasonable  profit, "  as  required  by  the  Lever  Act. 

In  arriving  at  a  method  promising  to  accomplish  these  results  as 
nearly  as  practicable,  the  following  system  was  developed.  Costs 
obtained  from  the  individual  sheets  filed  by  each  operator  with  the  Fed- 
eral Trade  Commission  were  studied,  listed,  and  adjusted  for  price  fixing. 
These  figures,  with  the  percentages  of  each  cost  in  the  total  production 
of  each  district,  were  plotted  on  diagrams,  showing  graphically  the  range 
and  extent  of  variation  in  each  district.  On  these  diagrams  a  line  indi- 
cating the  sources  of  indispensable  tonnage,  christened  "the  bulk  line," 
is  drawn  as  a  base  to  which  the  Fuel  Administrator  personally  adds  a 
margin  in  his  judgment  necessary  for  each  district. 

Advantages  of  this  System 

The  method  of  fixing  prices  by  the  "bulk  line"  principle  recognizes 
the  economic  syllogism  that  "the  price  of  any  article  necessary  to  a  com- 
munity will  be  fixed  by  the  cost  of  producing  that  necessary  portion  of 
such  article  involving  the  greatest  expense." 

(a)  This  assures  to  all  producers  profits  dependent  upon  their  ability 
and  exertions,  only  limited  by  the  establishment  of  a  reasonable  price 
to  the  consumer. 

(6)  It  does  not  unduly  increase  the  price  of  coal  to  the  consumer  over 
the  minimum  price  possible  under  other  methods. 

(c)  It  tends  to  encourage  maximum  production  and  necessary  develop- 
ment by  allowing  to  the  producer  the  benefit  of  reduced  costs  due  to 
greater  production. 

(d)  It  avoids  bad  feeling  among  the  producers  and  among  the 
workmen  by  allowing  a  fixed  price  in  each  district  and  not  apparently 
showing  favoritism  to  special  producers. 

(e)  It  tends  to  encourage  the  fit  and  discourage  the  unfit. 

(f)  The  meth6d  is  susceptible  of  refinement  and  extension,  making  it 
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possible  to  eliminate  undue  profits  to  the  producer  and  adjust  prices 
from  time  to  time  to  the  ultimate  advantage  of  the  consumer. 

Disadvantages  of  This  System 

(o)  Considerable  profits  to  the  lowest-cost  operators. 

(6)  A  price  for  coal  greater  than  one  based  on  the  average  cost,  by 
the  amount  by  which  the  "bulk  line"  exceeds  such  average. 

This  method  appeared  to  be  better  suited  to  the  conditions  than  any 
of  the  others  suggested,  and  after  a  careful  study  by  the  U.  S.  Fuel 
Administrator,  it  was  adopted. 

Cost  Data  Available 

The  Federal  Commission  had,  by  authority  of  the  Act  of  Congress 
creating  the  Commission,  the  power  to  investigate  costs,  and  to  require, 
under  penalty,  reports  of  costs  of  operation.  Under  this  authority, 
the  Commission  sent  out,  to  each  coal  producer  listed  in  the  United  States, 
blanks  requiring  a  rather  complete  and  detailed  statement  of  costs  of 
operation,  and  the  realization  obtained  from  the  sale  of  this  product. 

These  reports  were  generally  available  for  the  months  of  August  and 
September,  1917,  at  the  time  the  revision  of  prices  was  started,  and  re- 
ports for  these  two  months,  studied  in  connection  with  later  reports,  were 
generally  used  as  a  basis  of  costs  for  the  first  studies.  It  further  developed 
that  these  two  months  were,  in  most  instances,  fairly  representative,  as 
to  output,  of  the  average  of  the  year. 

Analysis  and  Adjustment  of  Cost  Sheets 

Without  desiring  to  impugn  either  the  honesty  or  the  accuracy  of  the 
cost  sheets  as  presented,  it  was  found  essential  to  study  afid  adjust  them 
for  use  as  a  basis  of  scientific  and  accurate  cost  finding.  Besides  correct- 
ing slips  and  palpable  mathematical  errors,  a  considerable  amount  of 
revision  was  necessary.  Many,  especially  of  the  small  operators,  were 
inexperienced  in  bookkeeping  and  submitted  cost  sheets  which,  while 
accurate  in  totals,  were  grievously  mixed  in  details. 

Supplies 

The  item  of  supplies  was  found  to  vary  so  widely  in  the  same  mines 
in  different  months  that  the  returns  for  single  months  were  practically 
abandoned,  and  the  figures  were  replaced  by  averages  from  all  reports 
available,  resulting  in  increases  or  deductions  from  the  monthly  costs 
as  reported. 
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Reserves 

The  item  of  maintenance  was  frequently  misunderstood,  in  some 
instances  all  supplies  and  much  labor  being  charged  to  this  account;  in 
others  a  fixed  sum,  and  in  still  other  cases,  nothing  at  all  was  charged. 

Depreciation  was  often  put  in  as  a  guess;  in  some  cases  it  was  frankly 
stated  that  this  seemed  a  good  time  to  charge  oflf  improvements,  and  such 
were  charged  to  the  limit,  and  beyond. 

Depletion  of  lands  was  also  an  item  which  appeared  greatly  to  trouble 
some  of  the  accountants.  While  generally  understood,  many  very  wild 
guesses,  even  up  to  the  market  price  of  the  product,  were  found;  also, 
many  instances  of  depletion  charges  for  lands  operated  on  royalty  or 
alese  and  not  the  property  of  the  operator. 

Contingent  funds  noted  on  the  blank  were  generally  omitted  but, 
in  a  few  cases,  especially  when  the  need  of  such  funds  had  recently  been 
felt,  most  ample  allowances  were  made.  After  being  considered,  it 
was  decided  to  apply  in  each  district  amounts  obtained  by  studying  the 
claims  of  the  better  operators  of  such  district,  after  obtaining,  from  the 
best  available  sources,  reliable  figures  as  to  the  cost  of  lands  and  amount 
and  value  of  improvements  characteristic  of  the  district. 

The  question  of  contingent  reserves  is  a  serious  one.  From  a  strict 
cost-accounting  standpoint,  no  cost  can  be  permitted  until  incurred. 
Nevertheless,  such  reserves  are  essential  to  an  industry  involving  the 
great  risk  incident  to  coal  mining,  and  with  the  full  knowledge  that 
such  reserves  are  used  only  for  major  accidents  or  calamities,  and  that 
ordinary  losses  regularly  incurred  are  charged  to  the  costs  of  operation, 
it  was  decided  to  include  a  small  amount  for  contingent  reserve  in  the 
general  allowance. 

Salaries 

Executive  and  even  superintendent's  salaries  were  frequently  omitted. 
In  many  cases  of  personal  ownership,  undoubtedly  none  were  paid. 
It  was  considered  only  just  to  add  to  such  returns  reasonable  allowances 
for  salaries  to  place  such  reports  on  a  parity  with  the  majority  of  the  op- 
erations which  paid  for  such  necessary  service.  On  the  other  hand, 
occasional  instances  were  found  of  reported  salaries  so  excessive  as  to 
require  adjustment  downward  to  a  reasonable  parity  with  the  general 
practice  of  the  district. 

A  sliding  scale  of  salaries  adjusted,  within  broad  limits,  to  the  monthly 
tonnage  of  an  operation  was  finally  devised.  Any  salaries  missing  or 
below  the  minimum  allowed  were  raised  to  the  minimum,  and  those 
above  the  maximum  were  lowered  to  the  maximum. 
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Special  Charges 

Special  charges  were  generally  treated  in  detail,  often  spread  over  a 
reasonable  time  rather  than  allowed  in  a  single  month.  In  treating  these 
a  careful  study  of  all  reports  available  was  made. 

Special  Records 

The  Federal  Trade  Commission  had  required  special  explanations  of 
all  charges  out  of  the  ordinary,  and  all  these  records  were  available 
and  were  carefully  studied  and  had  great  influence  in  deciding  doubtful 
pomte. 

Oittside  Profits 

The  profits  from  farms,  dwellings  or  stores  are  not  properly  mining 
profits,  and  accounts  of  these  should  be  kept  separate  from  mining  ex- 
pense. Where  it  is  found  that  such  accounts  are  separated,  no  deduction 
for  such  profits  should  be  made,  but  where  dwellings,  particularly, 
are  so  intimately  connected  with  the  mining  that  no  separation  is  possible, 
it  is  proper  to  include  their  operation  with  mining  accounts. 

Fuel  for  Power 

In  general,  charges  for  fuel  for  colliery  power  were  allowed,  and  the 
tonnage  divisor  was  made  to  include  such  fuel.  In  the  opinion  of  the 
Committee  it  would,  however,  be  advisable  to  eliminate  colliery  fuel 
from  both  sides  of  the  account,  and  merely  to  keep  a  record  of  the  amount 
used;  by  this  method,  the  tonnage  divisor  represents  the  amount  shipped 
and  sold  and  is  susceptible  of  accurate  determination,  while  the  fuel  used 
is  approximated,  or  even  guessed  at,  too  often  to  make  the  general  records 
containing  this  item  reliable. 

Other  items  requiring  occasional  adjustment  were  the  inclusion  of 
washing  costs,  for  which  an  extra  charge  is  allowed,  in  the  mining  cost, 
and  the  inclusion  of  labor  and  supplies  used  in  coking  operations  con- 
ducted by  the  same  operators.  In  a  few  instances,  the  coke  tonnage,  or  a 
mixed  tonnage  of  coal  and  coke,  was  reported  and  used  as  a  divisor  to 
obtain  costs  per  ton,  resulting,  of  course,  in  a  notably  excessive  cost. 

In  general,  each  and  every  cost  sheet  was  studied  carefully  by  at  least 
one  member  of  the  Committee,  all  adjustments  were  considered  by  at 
least  two,  and  only  such  adjustments  were  made  as  were  warranted  by  the 
conditions  and  the  necessity  of  placing  all  costs  on  the  same  basis,  so  as 
to  find  a  just  basis  of  cost  for  fixing  the  prices  for  each  district. 

Reporting  Costs 

The  great  mass  of  cost  figures,  obtained  from  the  above  analysis 
of  the  cost  of  operators  mining  over  95  per  cent,  of  the  entire  production 
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of  bituminous  coal  in  the  United  States,  would  be  merely  confusing  and 
of  but  little  practical  value  if  presented  in  tables  of  figures,  and  it  was  con- 
sidered necessary  to  devise  some  plan  to  present  these  graphically  so 
that  tbey  might  be  studied  and  compared  with  a  minimum  of  effort  and 
with  maximum  efficiency.  After  many  trials,  a  chart  was  evolved  which 
appears  to  have  satisfactorily  accomplished  the  ends  sought. 

The  costs  for  each  district,  both  exactly  as  reported  and  as  adjusted, 
were  arrai^ed  in  order  by  1-c.  increments,  beginning  at  the  lowest 
cost,  with  the  tonnage  at  each  separate  cost,  whether  from  one  or 
more  operations;  the  percentage  of  total  tonnage  at  each  cost  was  cal- 
culated, and  the  cumulative  percentage  beginning  at  the  lowest-cost 
tonnage  was  obtained. 


I  I 

1  I 


Charts 

The  percentages  thus  obtained  were  plotted  on  10  by  10-space  cross- 
section  paper,  resulting  in  a  diagram  hke  Fig,  1. 

The  dotted  line  shows  the  costs  reported,  and  the  full  line  the  adjusted 
costs.  The  percentage  of  the  total  output  between,  or  up  to,  any  limits 
of  cost  can  be  determined  by  simple  inspection.    The    "bulk  line,"  or 
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line  of  indispensable  coal  which  must  be  assured  of  a  minimum  profit, 
after  study  of  the  conditions  and  necessities  of  any  district,  can  be  properly 
located,  and  from  this  a  minimum  profit  necessary  for  the  district  can  be 
determined. 

Adjusting  the  "Bulk  Line" 

The  "bulk  line'*  is  a  matter  requiring  very  careful  study.  Its 
location  must  be  such  as  to  conserve  and  encourage  all  necessary  opera- 
tions and  thus  assure  the  maximum  coal  supply  from  each  district. 

It  is  almost  invariably  found  that  at  the  high-cost  end  of  the  diagram 
are  collected  most  of  the  doubtful  enterprises.  These  include:  mines 
which  have  failed  under  normal  competitive  conditions  and  have  been 
reopened  under  the  stimulus  of  the  high  prices  preceding  Government 
control;  mines  abandoned  as  exhausted  and  reopened  for  the  few  remain- 
ing pillars;  new  enterprises  in  the  development  stage;  mines  opened  on 
beds  so  thin  or  of  such  poor  quality  that  they  could  not  operate  under 
normal  conditions;  small  mines  on  outcrop  coal,  often  of  poor  quality, 
which  have  neither  capital  nor  equipment  for  economical  working; 
mines  which  have  encountered  faults  or  in  which  the  coal  has  thinned  or 
split,  or  the  quality  has  so  deteriorated  as  to  prevent  working  at  a  reason- 
able cost;  and,  not  the  least  of  this  group,  mines  so  badly  managed  as  to 
show  unwarrantable  costs  of  operation. 

All  these  classes  of  mines  are  unjustifiable  under  war  conditions. 
They  use  labor  inefficiently.  Often  their  records  show  less  than  half  the 
tonnage  per  employee  usually  obtained  in  their  district,  and  their  elimina- 
tion is  an  economical  advantage  to  a  district  in  releasing  labor  to  more 
efficient  mines. 

In  this  high-cost  group  occasionally  are  found  mines  which  have  a 
coaJ  of  unusually  high  quality  or  fitted  for  special  use,  for  which  a 
market  at  prices  above  those  of  the  district  has  always  existed.  Such 
mines,  on  proving  their  special  conditions,  may  receive  consideration  for 
special  prices  sufficient  to  allow  a  fair  profit  on  their  higher  costs. 

After  a  study  of  all  conditions,  the  *'bulk  line''  is  located  as  far  as 
possible  to  exclude  the  classes  of  operations  above  mentioned,  and  to 
include  all  mines  operating  economically  and  efficiently.  The  margin 
above  the  ''bulk  line"  is  sufficient  to  allow  all  but  a  very  small  percentage 
of  the  tonnage  to  be  produced  without  actual  loss,  but  with  less  than  the 
minimum  profit  applied  to  all  mines  up  to  the  "bulk  line." 

The  charts  have  the  further  advantage  that  they  show  all  the  costs  of 
any  district  without  divulging  the  costs  of  any  operation,  yet  by  a  very 
simple  system  of  confidential  keys  the  position  of  any  separate  operation 
can  be  almost  instantly  found  and  its  cost  sheets  located. 

The  charts  have  the  further  advantage  that  almost  any  desired  infor- 
mation as  to  costs  or  tonnage,  averages,  totals  within  desired  limits, 
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margins,  excessive  and  subnormal  costs  with  the  tonnage  involved,  and 
other  items  of  information  often  required,  can  be  obtained  very  rapidly 
and  with  a  minimum  expenditure  of  time  or  labor.  On  one  occasion,  two 
members  of  the  Committee  calculated  in  a  single  evening  the  weighted 
average  costs,  both  reported  and  adjusted,  for  over  three-fourths  of  the 
entire  bituminous  coal  output  of  the  country. 

Districting 

It  is  inevitable  that  mines  should  show  wide  variations  in  cost,  due  to 
the  varying  thickness  and  character  of  the  beds  worked,  and  to  apply  a 
single  price  to  all  the  mines  of  a  State  would  result  in  either  allowing  an 
unreasonable  profit  to  those  working  the  better  and  thicker  beds,  or 
absolutely  put  out  of  business  the  higher-cost  districts. 

Where  an  area  examined  shows  wide  variations  of  cost,  it  becomes 
necessary  to  employ  some  plan  of  separation,  and  to  segregate  into  groups 
those  mines  operating  under  similar  conditions.  Such  districting  may  be 
based  on  difference  in  beds,  on  thickness  of  coal,  or  by  geographical  and 
geological  districts. 

Districting  by  beds  is  only  occasionally  practicable,  for  the  following 
reasons: 

(a)  Variation  in  thickness  and  quality  in  the  same  bed. 

(6)  Difficulty  of  identification  of  beds. 

(c)  Splitting  of  beds,  changing  one  thick  bed  to  two  or  more  thin 
ones. 

(d)  Changes  in  mining  conditions  in  the  same  bed,  making  radical 
differences  in  cost  of  mining. 

Distri-ciing  by  thickness  of  beds  seems  at  first  glance  the  most  logical 
method,  but  it  has  the  fatal  objection  that,  as  nearly  all  beds  become  thin 
in  places,  two  or  more  costs  will  be  found  in  contiguous  mines  and  often 
in  the  same  mine.  Further,  this  districting  leads  to  gross  profiteering, 
by  attempting  to  classify  mines  by  the  thinnest  coal,  not  by  the  average. 

The  terms  "thick"  and  "thin"  beds  are  particularly  dangerous,  as 
what  would  be  considered  thick  in  one  region  may  be  classed  as  thin  in  an- 
other, and  the  reverse;  it  is  therefore  manifestly  undesirable  for  the  United 
States  Fuel  Administration  officially  to  designate  any  particular  thickness 
as  the  dividing  line  between  thick  and  thin. 

Districting  geographi<:aUy  has  the  great  advantage  of  making  divi- 
sions susceptible  of  accurate  description  and  eliminating  all  questions 
as  to  the  proper  price  applicable  to  any  colliery.  It  generally  puts 
together  mines  having  the  same  conditions  and  normally  compet- 
ing, avoids  varying  prices  for  coal  of  the  same  quality  and  character, 
and  simpUfies  distribution  and  marketing.  The  difficulties  in  applying 
this  method  are  greatest  in  fields  where  numerous  beds  of  varying  thick- 
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nesB  and  character  are  worked,  reeulting  in  considerable  variations  in 
price.  It  is  also  frequently  difficult  properly  to  classify  operations  near 
the  borders  of  adjoining  districts,  and  geographical  districts  are  hence 
necessarily  subject  to  some  adjustment  of  boundaries. 

Further,  in  designating  districts,  labor  conditions  are  necessarily 
carefully  considered.  Neither  miners  nor  operators  wish  to  have  the 
scale  of  wages  changed  in  any  mine  by  the  throwing  of  such  mine  from 
one  wage  district  to  another,  and  before  deciding  on  the  boundaries  of 
districts,  it  has  been  found  essential  to  obtain  the  wage-scale  and  the 


I  I 

I  t 


boundaries  of  wage-scale  districts.  Further,  it  is  found  that  in  making 
up  the  wage-scales,  some  very  accurate  districting  has  been  done,  and 
maps  showing  these  wage  districts  are  of  great  assistance  in  the  final 
determination  of  proper  boundaries. 

It  is  the  practice  of  the  Committee  to  classify  mines  under  study, 
first  by  counties  or  fields,  and  then  to  separate  or  combine  them,  as  the 
case  may  be,  to  obtain  districts  containing,  as  far  as  practicable,  mines 
operating  under  the  same  general  conditions. 

Diagrams  2  and  3  show  the  result  of  districting  in  an  important  terri- 
tory producing  about  75,000,000  tons  of  coal  per  year.    Digram  No.  2 


1426  UETHOD   OF    FDCINQ    PRICES   OF   BITUUINOUS   COAL 

shows  the  costs  for  the  entire  area,  and  the  very  wide  variations  in  cost 
due  to  different  mining  conditions  are  apparent.  Diagram  No.  3  shows 
the  costs  in  the  three  districts  finally  segregated.  These  all  permit  price 
fitting  without  giving  excessive  profit,  or  putting  the  high-cost  districts 
out  of  business,  thus  assuring  the  mining  of  the  required  tonnage  of  coal. 
It  will  be  noted  in  the  three-district  diagram  that  the  low  cost  of  No. 
1  corresponds  with  the  high  cost  of  No,  2,  and  the  low  of  No.  2  with  the 
high  of  No.  3.  If  prices  had  been  fixed  on  Diagram  No.  2,  for  the  entire 
State,  the  "bulk  line"  would  havebeenplacedat  about  $1.90.     This  would 


have  put  the  whole  of  District  No.  1  and  36  per  cent,  of  District  No.  2,  or 
a  production  of  about  500,000  tons  per  month,  above  the  bulk  line,  giving 
these  regions  an  insufficient  margin,  and  checking  production,  if  not 
stopping  it;  at  the  same  time,  it  would  have  given  to  District  No,  3, 
producing  5,700,000  tons  per  month,  30  c.  per  ton  or  over  $1,700,000  per 
month  unnecessary  margin.  Similar  conditions  throughout  the  country 
have  been  handled  in  this  manner. 

It  will  also  be  noted  that  the  variation  between  high  and  low  costs 
increases  with  the  higher-cost  districts.  The  angle  of  slope  of  the  cost 
line  increases  from  No.  3  to  No.  1.     This  results  in  a  somewhat  greater 
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mai^  between  the  aver&ge  cost  and  the  "bulk  line,"  which  is  logical 
and  DecesEsry.  The  high-cost  mines,  having  greater  expenses,  need  a 
la^er  margin  to  attain  the  same  percentage  of  profit.  As  an  example 
of  the  districting  necessary  in  exceptional  cases,  Fig,  4  is  a  map  of  the 
districts  in  West  Virginia,  On  fixing  prices  for  these,  only  seven  different 
prices  were  found  necessary  for  13  districts. 

Price  Fixing 

The  "bulk  line"  of  the  chart,  with  the  margin  added  by  the  Fuel 
Adroinistrator,  gives  the  necessary  realization  for  a  district,  but  it  does 


not  completely  fix  prices.  The  price  for  run-of-mine  is  usually  fixed  at 
the  realization  price,  but  where  screening  is  desirable  it  is  necessary  to 
fix  a  spread  of  price  so  that  the  operator  receives  as  much  as  1  c.  or  2  c. 
more  for  the  screened  product  than  for  run-of-mine. 

The  tonnage  of  run-of-mine,  prepared,  and  screenings  for  each  district 
is  obtained  from  the  cost  sheets;  then  the  average  division  of  the  screened 
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coal  in  percentage  is  computed  and  from  this  margins  are  determined 
which  will  permit  screening  but  not  too  greatly  stimulate  the  practice. 
For  instance,  if  a  coal  will  produce  55  per  cent,  prepared,  and  45  per  cent, 
screenings,  an  equal  margin  above  and  below  the  run-of-mine  price 
would  be  indicated;  but  a  coal  which  would  produce  30  per  cent,  prepared 
and  70  per  cent,  screenings  would  need  a  much  larger  margin  for  prepared 
above  run-of-mine,  and  a  very  small  margin  below  for  screenings. 

If  the  *' spread''  is  not  correctly  figured,  the  result  is  to  make  some 
combination  unduly  profitable,  with  the  result  that  only  that  combina- 
tion is  found  to  be  made.  In  some  instances,  run-of-mine  from  par- 
ticular collieries  shows  a  few  cents  margin  over  screened  coal,  and  these 
collieries  will  produce  nm-of-mine  exclusively.  In  other  cases,  prepared 
and  screenings  are  more  profitable,  with  the  reverse  result. 

Unusual  Sizes 

In  many  parts  of  the  country,  it  was  found  that  special  sizes  were 
customarily  made.  In  Illinois,  for  instance,  a  considerable  amount  of 
coal  is  sized,  about  in  accordance  with  anthracite  practice,  into  egg,  stove, 
nut,  pea,  and  buckwheat,  and  in  certain  States  so-called  "modified  run-of- 
mine,"  passing  through  2,  3,  4,  5,  6,  and  8-in.  bars  is  a  standard  product. 
These  specially  prepared  and  modified  run-of-mine  sizes  cost  the  opera- 
tors something  extra,  and  will  only  be  made  if  the  prices  received  yield  a 
profit  over  the  regular  procedure.  The  Fuel  Administration  has  met 
this  condition  by  allowing  special  prices  for  specially  sized  coal,  and  for 
modified  run-of-mine  sizes,  but  all  such  prices  are  so  calculated  as  to 
allow  only  enough  profit  on  any  combination  to  permit  its  existence  and 
not  enough  to  encourage  the  forcing  of  such  size  on  consumers. 

In  price  fixing  of  this  sort,  it  is  essential  to  obtain,  from  several  in- 
dependent and  reliable  sources,  the  percentages  of  the  •  various  sizes 
produced  by  screening  from  each  coal  Ukely  to  be  used  in  this  way,  and 
carefully  balance  the  costs,  losses,  and  percentages  of  each  size  produced, 
to  arrive  at  a  proper  price. 

It  is  also  necessary  to  evolve  methods  of  preventing  profiteering  on 
special  prices.  For  instance,  it  was  found  that  after  making  sizes  down 
to  buckwheat  from  bituminous  coal,  in  some  cases  the  fine  screenings, 
far  below  the  standard  mesh  of  the  district,  were  run  into  the  regular 
run-of-mine  and  sold  at  the  run-of-mine  price.  This  was  handled  by  an 
order  allowing  a  maximum  of  30  c.  below  screenings  price  for  any  mixture 
of  the  fine  coal  below  M-in.  mesh  with  any  other  coal.  This  is  easy  to 
poUce,  as  the  mere  report  of  sizes  below  the  standard  screenings  mesh 
of  any  district  involves  the  report  of  special  fine  screenings  or  "carbon" 
at  the  price  30  c.  below  screenings,  and  if  such  is  not  found,  it  is  assumed 
to  be  mixed  with  commercial  sizes. 
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Margin 

The  diflference  between  the  mine  costs,  arrived  at  as  above  described, 
and  the  price  is  the  "  margin."  This  is  far  from  being  the  profit,  as  many 
items  of  expense  necessarily  incurred  are  not  included  in  the  mine  price. 
Such  are:  (o)  Selling  expense.  (6)  Improvements,  (c)  Developments 
to  increase  output,  (d)  Excess  of  capital  expenditures  over  normal 
costs,  (e)  Contracts  at  lower  than  ''Government  Prices."  (/)  Interest 
on  bonded  indebtedness,  (g)  Income  taxes.  (A)  Excess-profit  taxes, 
(i)  Profit  on  investment. 

None  of  these  items  is  properly  included  in  "cost  of  production" 
under  normal  conditions,  but  in  a  war  situation  it  is  practically  impossible 
to  obtain  money  to  capitalize  expenditures  for  excess  improvements,  and 
developments,  which  would  normally  be  capitalized  and  properly  included 
in  the  permitted  depreciation,  particularly  as  all  such  expenditures  are 
made  at  from  two  to  three  times  their  normal  costs;  it  is  a  serious  ques- 
tion whether  the  "margin  "  allowed  should  not  be  made  large  enough  to 
include  at  least  this  class  of  expenditures. 

Results  of  Price  Fixing 

As  our  Government  has  been  forced  into  this  untried  realm  of  price 
control  by  war  conditions,  it  may  be  interesting  to  know  the  results. 
These,  in  general,  are  available  only  as  applied  to  the  latter  months  of 
1917,  before  the  labor  increase,  compensated  for  by  the  45-c.  general 
advance  in  coal  prices  above  referred  to.  Diagram  No.  5  shows  the 
average  costs,  "bulk  lineis,"  and  prices  fixed  for  practically  all  districts 
in  the  country,  as  of  August  and  September,  1917,  and  covers  about  84 
per  cent,  of  the  total  output  of  bituminous  coal  for  the  period  stated. 

The  costs  for  each  district,  in  the  proportion  of  its  output  to  the  total 
tonnage  studied,  are  shown  in  full  lines;  the  "bulk  lines"  are  shown  by 
dotted  lines;  and  the  prices  fixed  are  indicated  by  dot-dash  lines.  The 
diagram  also  shows  the  weighted  average  costs,  "bulk  lines,"  and  prices 
fixed  for  the  tonnage  included,  and  effectively  disposes  of  the  widely 
circulated  aspersions  of  profiteering,  of  which  industry  has  been  so  freely 
accused  by  people  having  no  knowledge  of  the  facts  or  willfully  misrepre- 
senting them. 

The  weighted  average  margin  between  costs  and  fixed  prices  for 
practically  the  entire  bituminous  coal  production  of  the  country  is 
but  45.6  c,  and  between  the  "bulk  line,"  which  represents  the  higher- 
cost  necessary  coal,  and  the  price  fixed  by  the  Fuel  Administrator  of  but 
26  cents.  When  it  is  know:n  that  the  capital  invested  per  ton  of  yearly 
output  ranges  from  S2  to  nearly  $8,  and  that  the  items  above  noted, 
which  amount  to  a  considerable  sum  per  ton  mined,  must  come  out  of 
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this  very  nairow  margin,  it  is  evident  that  the  eoal  business  ot  the  country 
U  not  only  not  on  a  profiteering  basis,  but  is  stUl  on  a  very  narrow  margin 

°'  "mfaverage  cost  ot  the  84  per  cent,  of  the  total  coal  represented  tor 
the  two  months  of  August  and  September,  1917,  was  reported  to  be 
$1696  The  adjustments  heretofore  described  raised  this  reported 
cost  to  $1,700,  a  very  strong  endorsement  of  the  honesty  ot  the  reports 
made  by  the  operators. 


The  average  "bulk  line"  was  fixed  at  J1.902,  or  19.6  c.  above  the 
average  adjusted  cost.  This  represents  the  margin  required  to  a.,surc  the 
mining  of  the  necessary  coal,  as  compared  with  the  average  cost,  which, 
ot  course,  involves  the  mining  ot  only  eoal  up  to  or  below  the  average 
cost ;  in  other  words,  halt  the  available  output. 

The  weighted  average  of  all  prices  fixed  is  $2,162  per  tou  and  the 
average  margin  above  the  "bulk  line"  is  26  c,  representmg  all 
the  above  mentioned  charges  and  all  profit  tor  the  higher-cost  neces- 
sary mines;  the  margin  above  the  average  weighted  cost  for  the  whole 
country  is  45.6  c.  per  ton,  which,  compared  with  profits  in  other 
certainly  does  not  show  any  signs  of  profiteering  m  the  coal 
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business  as  a  whole.  The  prices  fixed  are  also  sufficient,  on  the  basis  of 
the  reported  costs,  to  permit  the  mining  of  98.4  per  cent,  of  all  available 
coal,  without  loss. 

The  prices  fixed  from  this  complete  investigation  of  costs  have  shown, 
in  many  cases,  a  remarkable  compliance  with  economic  laws.  For 
instance,  in  Illinois  the  cost  of  coal  from  the  dififerent  price  districts, 
delivered  in  Chicago,  is  found  to  be  practically  identical,  showing  that 
the  mining  of  the  higher-cost  coal  is  due  to  its  proximity  to  the  principal 
market  and  the  lower  resulting  transportation  costs.  High-grade  coal 
shipped  by  lake  and  rail  to  Minneapolis  was  found  to  cost  precisely  the 
same  per  heat  unit  as  a  lower-grade  coal  shipped  a  much  less  distance 
all  rail. 

Special  Prices 

The  price  fixing  program  adopted  is  expected  to  take  care  of  all 
normal  mining  conditions  and  to  permit  the  operation,  with  a  reason- 
able profit,  of  all  mines  necessary  to  the  country  under  war  conditions. 
There  are  cases,  however,  of  old  established  mines  which  are  producing 
coal  of  a  quality  specially  suited  to  certain  processes  or  requirements, 
which  coal,  while  produced  at  a  cost  materially  above  the  regional 
"bulk  line,"  is  necessary  and  has  always  commanded  a  special  price. 
In  these  cases,  a  higher  price,  sufficient  to  permit  operation,  is  usually 
granted.  Also,  in  some  cases,  groups  of  small  mines,  not  required  to 
report,  are  found  to  be  serving  certain  communities  at  prices  below  other 
coal  available,  considering  the  transportation  charges,  but  with  costs 
above  the  regional   "bulk  line."     These  also  receive  special  prices. 

In  general,  it  is  the  policy  of  the  Fuel  Administration  to  encourage 
the  operators  to  produce  all  coal  needed  and  to  place  restrictions  only 
on  coal  mined  under  conditions  notably  uneconomic. 


Effect  of  Short  Time 

While  it  is  a  syllogism  in  mining  regions  that  "short  time  means  in- 
creased costs,"  but  httle  actual  information  as  to  the  quantitative 
effect  of  lost  time  on  the  cost  of  coal  mining  is  available.  In  the  discus- 
sion as  to  the  advantages  or  disadvantages  of  an  even  car  supply  to  all 
mines,  as  compared  with  100  per  cent,  supply  to  some  and  the  remainder 
to  the  others,  it  devolved  upon  the  Committee  to  determine,  at  least 
approximately,  the  effect  of  lost  time  on  the  cost  of  mining. 

Fortunately,  reports  were  available  from  73  operators  in  the  New 
River  District  of  West  Virginia,  which  had  been  made  out  and  submitted 
by  an  eminent  firm  of  expert  accountants  for  each  month  of  the  year 
1917.    Each  of  these  was  carefully  analyzed,  and  the  percentage  jn- 


1432  METHOD   OF  FKDIO   PRICES  OF  BITUMINOUS   COAL 

crease  of  cost  for  each  of  the  830  observations  thus  obtained  was  platted; 
weighted  averages  were  then  taken  at  each  2.5  per  cent,  from  70  to  100  per 
cent,  working  time,  and  for  each  5  per  cent,  below  80  per  cent.  The  re- 
sult of  this  study  is  submitted  on  diagram  No.  6  which  has  been  checked 
by  numerous  observations  from  practically  every  field,  and  has  been 
found,  within  reasonable  limits,  to  be  correct.  This  digram  can  be  and 
has  been  used  in  reducing  to  normal  cost  the  reported  costs  of  collieries 
shut  down  during  parts  of  months. 


Anthracite  Prices 

Anthracite  prices  were  fixed  by  the  President  on  Aug.  23,  1917,  and 
have  not  since  been  revised.  The  matter  is  now  a  subject  of  intensive 
study,  and  it  is  expected  that  after  sufficient  data  have  been  accumulated 
a  revision  and  scientific  price  fixing  will  be  attempted. 

The  problem  of  anthracite  price  fixing  presents  all  the  difficulties  en- 
countered in  the  bituminous  fields,  complicated  beyond  measure  by  the 
varying  percentages  of  sizes  produced  by  different  mines  in  the  same  re- 
gion, and  the  still  more  widely  varying  percentage  of  sizes  produced  by 
the  different  regions. 
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Conclusion 

It  should  be  generally  known  that  the  United  States  Fuel  Adminis- 
tration exists  only  for  war  conditions.  It  expires  by  limitation  of  the 
Lever  Act. 

The  Administration  is  endeavoring  most  earnestly  to  give  both  to 
the  miners  and  to  the  consuming  pubUc  a  fair  deal  and  no  favor.  It  has 
accomplished  incredible  results  in  conservation  of  fuel  and  stimulation 
of  output,  but  such  results  ha^ve  only  been  possible  by  the  earnest, 
whole  hearted,  and  patriotic  support  freely  given  by  operators,  miners, 
and  by  the  consuming  public. 


TAAN8ACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[SUBJECT  TO  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  prewnted  in  penon  at  the 
Milwaukee  meeting.  October,  1918,  when  an  abttraot  of  the  paper  will  be  read.  If  this  la  imposeible, 
then  diieiunon  in  writins  ma^  be  sent  to  the  Editor,  American  Institute  of  Mininc  Encineen,  29  West 
39th Street,  New  York.  N.  x.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unlen  speoal  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Nov.  1, 1918.  Any  discussion 
offered  tnereaf tw  should  preferably  be  in  the  form  of  a  new  paper. 
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1.  Introduction 

Silica  brick  are  indispensable  in  the  manufacture  of  steel  because  they 
alone  are  able  to  withstand  the  high  temperature  of  regenerative  furnaces. 
All  attempts  to  replace  silica  brick  by  other  refractory  materials  for  this 

•This  paper  was  submitted  to  us  in  manuscript  form  by  M.  Le  Chatelier,  who 
called  our  attention  to  the  fact  that  it  had  already  been  published  in  the  Bulletin  de 
Ifi  SociiU  de  V Industrie  Min^rale,  3d  livraison  de  1917,  page  49.  On  account  of  this 
previous  publication,  it  has  not  seemed  necessary  to  reproduce  the  paper  in  our 
Transactions  in  the  form  of  a  literal  translation,  and  the  editor  has  therefore  not 
attempted  to  conform  exactly  to  the  language  of  M.  Le  Chatelier.  The  importance 
of  silica  brick  in  the  American  steel  industry  and  the  eminence  of  M.  Le  Chatelier 
in  this  field,  together  give  ample  justification  for  the  reproduction  of  this  paper  in  the 
English  language. 
7 
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purpose  have  failed,  but  the  reason  for  this  failure  has  remained  obscure; 
we  shall  give  an  explanation  later  in  this  paper. 

Before  the  war,  silica  brick  employed  in  France  came  principally  from 
abroad,  for  which  reason,  since  the  beginning  of  hostilities,  certain  French 
steel  works  have  been  seriously  handicapped.  Our  attention  was  first 
directed  to  the  question  by  M.  Bied,  Engineer  of  the  Teil  Works.  With 
him,  we  began  certain  investigations,  at  first  using  our  laboratory  and 
the  furnaces  of  neighboring  steel  works.  The  larger  part  of  our  experi- 
ments, however,  have  been  made  in  the  laboratory  of  the  Faculty  of 
Sciences  at  the  Sorbonne.  For  the  heating  of  our  samples,  we  are  deeply 
obliged  to  MM.  Charpy,  Yeatmarin  and  Gu^rineau.  In  undertaking 
these  studies,  our  first  aim  has  been  to  render  assistance  to  French 
industry,  by  indicating,  as  precisely  as  possible,  the  necessary  conditions 
for  the  manufacture  of  high-grade  brick;  but  at  the  same  time  we  have 
intended  to  give  an  example  of  the  manner  in  which  scientific  methods 
may  be  put  to  practical  application  in  the  solution  of  industrial  problems. 
Although  our  work  has  been  confined  to  samples  of  only  a  few  grains,  we 
are  nevertheless  convinced  that  our  information  can  be  directly  utilized 
by  brick  works  of  which  the  output  is  measured  in  thousands  of  tons 

2.  Methods  of  Investigation 

As  to  what  are  the  most  important  and  necessary  qualities  of  silica 
brick,  if  one  were  to  ask  the  steel  metallurgists  they  would  almost 
unanimously  reply  that  there  was  only  one,  namely,  that  the  brick 
should  permit  the  greatest  possible  number  of  runs  without  necessity 
for  repairing  the  furnace  roofs;  they  might  suggest  400  runs  as  a  satis- 
factory figure.  Durability,  however,  is  not  the  only  factor.  The  brick 
have  to  be  transported  from  the  factory  to  the  steel  works  without  being 
injured  by  the  jar  or  by  freezing;  many  otherwise  satisfactory  bricks  will 
not  satisfy  this  last  condition.  It  is  further  necessary  that  the  brick 
shall  not  be  too  expensive,  in  order  not  to  add  unnecessarily  to  the  price 
of  the  manufactured  steel.  The  fundamental  requirements,  therefore, 
are  the  following:  (1)  durability  of  the  furnace;  (2)  durability  in  trans- 
port; (3)  moderate  price. 

Destruction  of  Furnace  Roofs 

Considering  first  the  subject  of  durability  of  furnaces,  the  processes  by 
which  furnace  roofs  are  destroyed  can  be  answered  by  the  direct  observa- 
tion of  those  in  charge  of  furnaces.  Our  inquiries  along  this  line  did  not 
meet  with  great  success;  only  two  steel  works,  the  Ruelle  Foundry,  and 
the  Chaussade  Works,  have  been  able  to  give  us  precise  information, 
but  unfortunately  contradictory.  One  of  these  works  has  assured  us 
that  the  roofs  of  Martin  furnaces  are  almost  invariably  destroyed  by 
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progressiye  decrepitation  under  the  action  of  heat.  The  other  works,  on 
the  contrary,  has  assured  us  that  similar  furnaces  are  destroyed  almost 
exclusively  by  melting.  The  brick  manufacturers,  on  the  other  hand, 
have  given  us  still  a  third  reason,  the  ignorance  or  negligence  of  those  in 
charge  of  the  construction  and  operation  of  the  furnaces.  The  engineer 
may  have  designed  the  profile  of  the  furnace  badly,  not  placing  his  burners 
in  the  most  desirable  place,  or  applying  the  first  heat^f  the  furnace  too 
abruptly.  The  builder  may  have  erred  in  shaping  his  bricks  carelessly 
aod  laying  them  irregularly,  so  as  to  produce  local  pressure  sufficient  to 
occasion  rupture.  Above  all,  the  heat  may  melt  the  roof  of  the  best 
furnace,  sometimes  in  a  few  hours,  if  the  gas  is  badly  regulated  or  if 
the  reversals  of  flame  are  at  too  long  intervals.  From  the  discussion 
of  this  contradictory  information  and  from  suggestions  found  in  different 
foreign  publications  we  have  arrived  at  the  provisional  conclusion  that 
the  destruction  of  the  roofs  of  steel  furnaces  may  arise  from  five  possible 
different  causes,  ranking  in  the  following  order  of  diminishing  importance : 

1.  Superficial  spalling  of  the  brick  under  the  influence  of  the  highest 
temperatures  developed  in  the  furnace.  This  phenomenon  is  often  no- 
ticed in  the  form  of  a  continuous  rain  of  little  fragments,  the  falling  of 
which  may,  after  a  few  days,  lead  to  the  entire  disappearance  of  the  brick. 
This  source  of  destruction  depends  upon  two  properties  of  the  brick: 
Expansion  of  silica  under  high  temperatures,  and  lack  of  mechanical 
strength  at  high  temperature. 

2.  Superficial  melting  of  the  brick.  Brick  always  melts  superficially 
and  continuously  under  the  action  of  the  spattering  slag;  this  normal 
destruction  of  brick  may  continue  for  several  months  before  leading 
to  an  actual  cavity  in  the  roof.  Often,  however,  the  brick  will  melt  all 
at  once  for  a  considerable  width,  several  centimeters  at  a  time,  by  which 
means  the  normal  destruction  of  the  brick  may  be  multiplied  by  10  or 
more.  This  phenomenon  depends  upon  the  fusibiUty  of  the  brick  itself 
and  upon  its  permeability,  which  facilitates  the  absorption  of  slag. 

3.  Flaking  or  shelling  of  the  brick  in  the  less  intensely  heated  region. 
This  begins  to  occur  during  the  warming  of  the  masonry,  and  below  red 
temperature,  and  continues  in  the  more  remote  parts  after  the  furnace 
as  a  whole  is  considerably  hotter.  The  brick,  thus  fractured,  may  then 
become  detached  and  fall  from  the  roof.  This  phenomenon  is  caused 
by  the  excessive  dilation  which  is  shown  by  all  crystalline  silicas  at  their 
temperatures  of  reversible  transformation.  Quartzose  rocks  decrepitate 
at  a  temperature  of  about  570°;  cristobalite,  around  230**,  undergoes  an 
abrupt  change  in  dimensions,  of  very  important  character;  tridymite, 
finally,  at  about  150°  undergoes  a  change  of  slight  importance.  This 
tendency  to  rupture  is  offset  by  mechanical  resistance  of  the  brick  and 
by  its  structure,  that  is  to  say,  by  the  size  of  its  grain  and  its  amount  of 
porosity. 
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4.  Dislocation  of  the  roof  by  excessive  expansion.  In  furnaces  made 
of  silica  brick,  the  roof  always  rises  more  or  less  when  the  furnace  is  first 
put  into  operation;  this  rising  often  becomes  excessive  and  very  irregular 
from  point  to  point,  which  then  leads  to  the  falling  in  of  the  roof.  This 
dislocation  results,  the  same  as  spalling,  from  expansion  of  silica.  If  the 
brick  is  sufficiently  resistant,  and  is  heated  over  a  considerable  width  all 
at  once,  it  does  not  spall  but  causes  the  roof  to  rise. 

5.  Collapse  of  the  roof.  *  The  frequency  of  this  accident  with  clay, 
magnesia,  and  alumina  brick,  makes  it  impossible  to  use  these  materials 
for  the  construction  of  the  roofs  of  furnaces  intended  to  maintain  very 
high  temperatures.  Collapse  will  also  occur,  but  very  rarely,  in  furnaces 
made  of  silica  brick.  Collapsing  results  from  the  softening  that  precedes 
fusion  and  therefore  depends  upon  the  same  factors  as  fusibility.  It  is 
very  rare  in  silica  brick,  being  counterbalanced  by  the  expansion  of  the 
quartz  resulting  from  its  transformation  into  silica  of  low  density. 

The  reasons  for  the  destmction  of  furnace  roofs,  and  the  properties 
of  the  brick  upon  which  these  depend,  can  now  be  tabulated  as  follows: 

Properties  of  Brick 

1.  Fusibility 

2.  Compressive  strength  at  high  temperatures 

3.  Permeability 

4.  Expansion 

5.  Dilation 

6.  Compressive    strength    at    ordinary    tem- 
peratures. 


Causes  of  Destruction 

1.  Spalling 

2.  Fusion 

3.  Flaking  or  shelling 

4.  Dislocation  of  the  roof 

5.  Collapse 


It  would  be  hazardous  to  assert  that  this  list  is  absolutely  complete, 
but  if  any  phenomenon  has  been  omitted  it  is  for  the  engineers  of  steel 
works  to  inform  us. 

3.  The  Tridymite  Network 


It  is  well  known  that  silica  exists  under  five  different  allotropic  forms, 
as  shown  in  Table  1. 

Table  1. — Allotropic  Forms  of  Silica 


Quartz 

Crist  obalite 
Tridymite. . 
Chalcedony 
Glass 


Density 


Temp,  of 
Transformation, 


Abrupt  Change 

in  Linear 

Dimensions, 

Per  Cent. 


2.65 
2.34 
2.27 

2.58 
2.22 


570 
225 
150 
570 


0.25 
1.00 
0.10 
0.10 


Quartz  is  the  universal  raw  material  for  the  manufacture  of  silica 
brick.     Deposits  of  quartz  can  be  grouped  into  four  distinct  classes: 
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(1}  Quartz  veins,  consisting  of  large  crystals  adjoining  one  another,  forming 
translucent  or  opalescent  white  ma.sscs.     (2)  Quartzitc  (Fig.  3,  4,  5, 


FiQ.  1.  Fio.  2. 

FiQ,  1, — Carbonaceous  sandstone   pkom  Shgctield;    qanihtek,    vsed  por 

TBB     MANCPACTURE     OF     SILICA     BRICK.       DlSflEMINATION     OP     MICA    BETWEEN     THE 
4UARTZ  GRAINS.       NATURAL  LIGHTS  MAGNIFICATION,    X    136. 

FlO,    2. SaUE   aAMPLF.    AS    Flu.    1,    UNDER    POLARIZED    LICHT. 

and  6),  metamorphic  rock  in  which  the  grains  of  quartz  are  so  strongly 
cemented  together  that  upon  breaking  the  rock  the  fractures  traverse 


Fia.  3. 

Fio.  3. — Souviony    guABxiiTB,   with    do__    

OCALtTT.     Polarized  liuht;  magnification,  X  136. 
Fio.  4.— Souvignt     quartiite,    with     riubon 
second  qualtty.     chalcedony  concretions   about  the  (juartz  grains.     po- 
labiz&d  ltoht;  uaonipication,  x  136. 

the  grains  of  quartz  rather  than  their  boundaries.     Quartzite  contains 
impurities  in  variable  proportion,  sometimes  lodged  between  the  grain.s, 
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like  mica,  sometimes  included  in  the  quartz  crystals  themselves,  as  oxide 
of  iron,  for  example.  (3)  Sandstone  (Fig.  1  and  2) ,  the  grains  of  which  are 
combined  by  a  cement  having  but  httle  resistance,  in  which  fracture 
occurs  by  the  separation  of  the  grains,  giving  a  dull  luster  to  the  fractured 
surface.  (4)  Sand,  the  grains  of  which  are  separated.  The  purity  of  sand 
is  very  variable;  that  of  Fontainebleau  analyses  99.5  per  cent,  silica; 
after  this  come  the  yellow  argillaceous  sands,  and  finally  sandy  clays. 
An  important  character  of  sand  is  the  uniformity  in  size  and  shape  of 
its  grains,  which  are  objectionable  features  for  the  manufacture  of  brick. 
Most  factories  employ  quartaite  containing  not  more  than  3  per  cent, 
of  basic  oxides,  and  mix  with  it  2  per  cent,  of  lime.  *  The  crushing  of  the 


Pia.  6. 

Fio. 

6. 

Fio. 

MAONIP1 

Fio. 
light;  1 

5.— QUARTZITB    CONTAININQ    CHALCEDONY. 
ICATION,    X   136. 

.    Undesirable    for  the    uANUPAcrtTRB 

UAONIPICATION,  X  136. 

Tma 

CEMB 

BRICK, 

Polarized  ugbt; 
BRICK.     Polarized 

rock  is  conducted  in  such  manner  as  to  preserve  a  number  of  large  grains, 
having  a  maximum  size  of  between  5  and  10  mm.  The  firing  is  performed 
at  a  high  temperature,  much  above  that  employed  in  the  manufacture 
of  clay  brick,  and  is  maintained  for  a  much  longer  period.  This  tem- 
perature may  vary  from  1350"  to  1450°  according  to  the  nature  of  the 
quartz  and  the  ease  of  its  transformation. 

Firing  progressively  reduces  the  density  of  the  silica;  quartz  trans- 
forms first  into  cristobaUte  and  finally  into  tridymite,  as  one  of  us  has 
shown  25  years  ago.  These  are  the  basic  facts  upon  which  our  researches 
were  conducted. 

C<mipressive  Strength  of  Refractory  Products 
Before  attacking  the  problem  of  the  manufacture  of  silica  brick,  we 
have  sought  to  answer  an  allied  problem:  Is  it  possible  to  find  certain 
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measurable  properties  of  refractory  products  which  will  explain  the 
superiority  of  silica  over  clay,  alumina,  and  magnesia?  An  exact 
knowledge  of  the  reason  for  the  superiority  of  silica  brick  "would  certainly 
be  a  valuable  guide  to  determine  what  properties  are  the  most  important 
to  develop  in  the  manufacture  of  refractory  materials.  One  difficulty  in 
explaining  the  superiority  of  silica  brick  has  been  that  in  previous  ex- 
periments it  has  been  noted  that  the  melting  point  of  silica  brick  was 
not  higher  than  that  of  other  refractory  products.  Kaolinite  melts  at 
1800^,  the  same  as  silica;  alumina  and  magnesia  melt  at  much  higher 
temperatures.  These  latter  materials  should,  therefore,  afford  brick 
at  least  as  good  and  perhaps  better  than  quartz.  Instead  of  determining 
simply  the  melting  point,  as  has  often  been  done  before,  that  is  to  say, 
the  temperature  at  which  the  material  yields  under  a  pressure  of  only  a 
few  grams  per  centimeter,  we  decided  to  measure  the  compressive  re- 
sistance of  these  materials  throughout  the  whole  field  of  temperature. 

The  experiments  were  made  in  a  small  furnace,  heated  by  a  blast  of 
illuminating  gas.  The  furnace,  having  an  interior  capacity  of  500  c.c, 
gave  a  temperature  of  1600®  at  the  end  of  half  an  hour,  with  a  gas  con- 
sumption of  3  cu.m.  per  hour.  The  walls  of  the  furnace  were  made  of 
corindite  (melted  bauxite)  cemented  with  a  little  sodium  silicate; 
this  material  seemed  to  resist  the  action  of  heat  indefinitely,  provided 
it  was  not  required  to  support  any  load.  The  samples  to  be  tested  were 
in  the  form  of  little  cubes,  1  cm.  on  a  side,  cut  out  of  the  bricks  to  be 
studied.  Pressure  was  transmitted  to  them  through  a  bauxite  cylinder 
previously  heated  to  a  temperature  of  1600®,  penetrating  the  roof  of  the 
furnace.  The  temperature  was  measured  by  a  thermo-electric  couple 
attached  to  the  sample.     The  results  were  as  shown  in  Table  2. 

Table  2. — Crushing  Strength  of  Bricks  at  Different  Temperatures 
(Pressures  in  kg.  per  sq.  cm.;  temperatures  in  ®  C.) 


600* 


1000' 


1300' 


1400 


Silica  (Star  brand) 

Kaolin 

Euboean  magnesia 
Styrian  magnesia. 


170 

150 

120 

75 

60 

48 

1  190 

180 

210 

90 

(12) 

(1) 

420 

380 

320 

270 

240 

(185) 

145 

130 

85 

66 

(5) 

(3) 

30 

(0.5) 
(8) 
(1) 


It  is  thus  apparent  that  at  1600®,  which  is  still  100°  below  the  tem- 
perature of  the  Siemens-Martin  furnace,  silica  brick  has  a  compressive 
strength  very  much  higher  than  that  of  the  other  refractory  products. 
Furthermore,  a  factor  which  is  of  no  less  importance,  the  silica  brick 
broke  abruptly  at  all  temperatures;  they  did  not  register  any  progressive 
deformation  before  rupture.  With  clay  and  magnesia  brick,  on  the  other 
hand,  the  observations  were  entirely  different.     At  temperatures  below 
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1000°  they  broke  abruptly  like  rigid  bodies,  but  at  higher  temperatures, 
above  a  limit  varying  according  to  the  purity  of  the  material,  the  brick 
yielded  little  by  little,  like  plastic  matter.  If,  instead  of  making  these 
oests  in  about  one  minute's  time,  as  in  our  investigations,  the  application 
tf  the  force  had  been  prolonged  for  1,000,000  times  longer,  as  occurs  in 
the  roofs  of  furnaces,  the  brick  would  have  yielded  under  pressures 
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Plate  I. — Variation   in  the  crushing  strength  op  refractory  products  at 

DIFFERENT  TEMPERATURES. 

SO  small  as  to  be  practically  negligible,  having  somewhat  the  character 
of  rosin  at  ordinary  temperature.  In  order  to  rupture  such  materials 
abruptly,  an  impact  is  necessary;  left  to  themselves,  they  yield  under 
their  own  weight  and  spread  out  level  like  a  liquid. 

The  transformation  from  complete  solidity  to  complete  viscosity  is 
obviously  progressive.  Within  a  certain  range  of  temperature,  an  initial 
deformation  is  followed  by  a  true  rupture.  Complete  viscosity  is 
definitely  attained  above  the  following  temperatures: 
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SUica  brick 1700* 

Euboean  magnesia 1500° 

Styrian  magnesia 1300** 

Kaolin  brick 1300** 

Ordinary  refractory  brick 1200° 

It  is  very  easy,  in  the  test,  to  distinguish  between  these  two  methods 
of  rupture.  In  the  case  of  complete  solidity,  the  sample  breaks  abruptly 
and  the  whole  compression  apparatus  comes  together  with  a  jar.  In 
the  case  of  viscosity,  the  beam  of  the  pressure  machine  falls  progressively 
and  continuously.  The  sample  is  first  compressed  upon  itself,  by  the 
closing  of  its  spaces,  then  it  expands  in  the  form  of  a  barrel,  then  bursts  on 
its  periphery,  and  finishes  by  breaking  or  not,  according  to  its  solidity. 
In  the  intermediate  stage  between  solidity  and  complete  viscosity,  the 
two  methods  of  deformation  can  be  successively  observed.  The  sample 
first  yields  progressively,  then  breaks  more  or  less  abruptly,  throwing 
out  fragments.  The  remaining  mass  has  no  further  solidity;  on  the  con- 
trary, the  fragments  thrown  out  by  the  bursting  of  completely  viscous 
material  resume  their  original  solidity  after  cooling. 

Recrysiallization  of  Silica 

This  ability  of  silica  brick  to  preserve  their  rigidity  at  the  very  highest 
.temperatures  explains  their  superiority  for  furnace  manufacture.  As 
a  means  of  reducing  this  factor  to  its  simplest  terms,  we  began  with  an  ex- 
amination, under  polarized  light,  of  thin  sections  cut  from  bricks  of 
good  quality,  one  marked  "American  Star"  and  the  other  marked  "Im- 
phy,"  these  being  the  two  bricks  which  showed  the  highest  compressive 
resistance  at  1600°,  namely  30  and  40  kg.  per  sq.  cm.  They  were  com- 
posed of  large,  easily  recognizable  grains  of  the  original  siliceous  rock, 
completely  transformed  into  cristobalite*  and  surrounded  by  a  magma 
formed  of  little  elongated  crystals  of  tridymite  (Fig.  7).  The  rigidity 
of  the  brick  is  evidently  due  to  the  crystallization  of  tridymite,  which 
forms  a  continuous  network,  in  the  meshes  of  which  the  fusible  silicates 
are  lodged.  The  presence  of  these  latter  materials  does  not  detract 
from  the  solidity  of  the  mass  any  more  than  water  in  the  cells  of  pumice 
stone  would  diminish  its  strength;  in  both  cases  the  solid  network  is 
unbroken. 

In  magnesia  brick,  on  the  contrary,  and  also  in  clay  brick,  at  least 
in  those  manufactured  under  ordinary  conditions,  this  recrystallization 
does  not  occur.  The  slightly  fusible  material,  magnesia,  forms  isolated 
grains  which  are  surrounded,  at  ordinary  temperatures,  by  a  magma  of 
very  solid  silicates;  the  latter,  however,  melt  at  around  1300°,  if  ferru- 
ginous, or  at  about  1 500°  if  purely  magnesian.  Above  these  temperatures, 
therefore,  the  solid  grains  swim  in  a  melted  mass  and  can  slide  on  one  an- 
other; the  more  fluid  the  magma,  the  more  readily  they  slide. 
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The  formation  of  this  continuous  network  of  silica  is  exactly  parallel 
to  the  phenomenon  observed  in  the  hafdening  of  cement.  A  mixture 
originally  consisting  of  isolated  grains,  when  tempered  with  water,  ia 
progressively  transformed  by  chemical  reaction  into  a  coherent  mass. 
In  the  same  manner,  the  isolated  grains  of  quartz  in  a  brick  become  act  on 
contact  with  melted  silicates,  which  operate  as  solvent. 

Quartz  is  unstable  at  temperatures  above  800°,  but  owing  to  its  re- 
markable passive  resistance,  it  is  able  to  remain  for  a  long  time  in  that 
condition  at  very  high  temperatures,  evenup  to  1600°.  If  it  is  then  brought 
into  .contact  with  a  solvent,  melted  silicates  for  example,  it  dissolves 
in  that  with  a  readiness  very  much  greater  than  that  of  the  more  stable 
forms  of  silica,  cristobalite  and  tridymite.    This  is  due  to  the  unanswer- 


FiG.  7.  FiQ.  8. 

Fig.  7. — Well  ftrbd  Auerican  bhice,  with  nbtwobk  o 
the  quarts  grain9,  which  are   almost  compi^tely  tranbpobmbd  into  cbm- 
tobalite.     polasizbd  light;  uaonifi cation,  x  136. 

FlQ,    8. AbSjULLT    BBICK,   REMAINING    FOB    A    YEAR    IN  ONE  OF  THE  PLdBB  OF   A 

Martin    furnace.     Complete    transformation    into   coarbe-obainbd    tridt- 
uiTB,    WFTB    CEABACTEBiSTic    INCLUSIONS.     Polarized    lioht;    magnification. 


able  and  thoroughly  established  laws  of  physical  chemistry.  The  quartz 
thus  gives  rise  to  supersaturated  solution,  from  which  one  of  the  more 
stable  varieties  soon  begins  to  crystallize.  The  melted  mass,  now  being 
no  longer  saturated  with  respect  to  quartz,  is  able  to  dissolve  additional 
quantities  of  it.  Gradually,  therefore,  the  entire  amount  of  quartz 
recrystallizes  into  the  variety  that  is  most  stable  at  high  temperatures, 
tridymite.  In  practice,  if  the  firing  of  silica  brick  has  not  been  sufficiently 
long,  the  proportion  of  cristobalite,  and  sometimes  even  of  quartz,  is 
greater  than  that  of  tridymite  in  the  finished  product,  if  of  poor  grade. 
Burning  for  almost  a  month  at  the  highest  temperature  of  the  steel  fur- 
nace is  necessary  to  transform  silica  completely  into  tridymite.     The 
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crystals  of  tridymite  thus  formed  by  solution  attach  themselves  to  one 
another,  as  is  always  the  case  under  similar  conditions,  and  form  the  net- 
work above  mentioned. 

Quality  of  the  Brick 

This  explanation  for  the  superiority  of  silica  brick  gave  rise  to  the 
question  whether  variations  in  quality  were  not  exactly  parallel  to  the 
compressive  strength'  at  high  temperatures.  To  settle  this  question, 
we  requested,  from  different  steel  works,  samples  of  brick  which  bad  been 
used  for  tiie  construction  of  furnaces,  as  to  the  relative  quality  of  which 


Fia.  9.  FiQ.  10. 

Fig,  9, — Tbidt«itb  cbtbtals  surrounded  by  a  bolution  of  maoua.  Brick 
obtained  om  dieuantuno  the  rdof  of  a  uartin  pdrnace.    columnar  crtstals 

AHD    SEfTTILlNEAR     CLEAVAOES     CHARACTBRIBTIG     OF    TRTOTIUTE.       NATURAL    LIOHT; 

Fio.  10.— Cbist(»alite  crtstals  bubmeroed  in  a  transparent  olabb. 
Material  derived  from  relinino  of  a  Bessbhbr  convbrteb  at  Sheffield. 
Ciscular  cleataqes  caABACTERiErric  or  cristobaute.  Natural  liort; 
HAONIFICATION,  X  136. 

they  were  able  to  advise  us.  The  Ruelle  and  the  Gu^rigny  Works  sent 
us  well  classified  series  of  samples  upon  which  we  made  tests  giving  the 
results  shown  in  Table  3.  The  teats  on  compressive  strength  at  high 
temperatures  were  made,  with  some  samples  as  soon  as  1600°  had  been 
reached,  while  with  other  samples  only  after  they  had  been  maintained 
at  this  temperature  for  one  hour.  We  realized  that  these  two  methods  of 
proceeding  might  give  different  results  in  some  cases.  At  the  same  time, 
we  made  determinations  of  a  number  of  other  physical  properties,  such 
aa  absolute  density,  apparent  density,  weight  of  sulphate  corresponding 
to  basic  oxides  present,  and  finally  compressive  resistance  at  ordinary 
temperatures. 
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Table  3. — Features  of  Certain  Silica  Bricks 


■»  •_    1. 

Quality 

iSuIphates,. 
Per  Cent. 

13.6 

■  •    •    • 

9.06 

1          •   •   *   • 

1 

1 

•  •   ■    • 

8.40 
13.10 

■  •   «    • 

14.3 

•  •   •    ■ 

•  •    ■   • 

14.0 

8.4 

14.5 

•  ■   •    • 

13.7 

12.8 

9.5 

■  •   «    > 

9.75 

■  ■   ■   • 

•  •   ■    ■ 

25.0 

■  •   •    • 

Density 

1 

Cms 

Temp., 

• 

thing  Strength 

Mark 

Absolute  Apparent 

!     Time, 
!      Min. 

Kr.  per 
Sq.  Cm. 

Assailly 

Very  good 

'  Very  good 

Very  good 

2.30 

•       •       a       • 

2.33 

•  ■   •    • 

1     

2.33 

•  ■    •    • 

2.35 

t    •   •    • 

2.40 

•  •   ■    • 

•  •   ■    • 

2.40 
2.45 

■  ■   •    • 

•  •   •    • 

2.46 
2.48 

•  •   •    • 

2.48 
2.53 

•  •   •    • 
«    ■   •    • 

2.56    . 

•  «   •    ■ 

•  ■    •    ■ 

2.56 

•  ■   •   ■ 

■  •   •    • 

1 

\    1.92 

1.66 

•  •   •   • 

•  ■    •   « 

1.88 

1 

•  •    ■    ■ 

1.60 

•  •   •   • 

1.85 

•  •    •    ■ 

•  •    •    • 

1.77 

•  •   •   • 

1.73 

•  •   •   « 

1.80 



1.84 

•  •   •    ■ 

1.78 

1.84 

.... 

1.94 

•  •   •    • 

1.73 

•  «   •   • 

■    •   •    • 

1 
1 

15 
1600 

15 

,    1600 

1600 

15 
1600 

15 
1600 

15 
1600 
1600 

15 
1600 

15 
1600 
1600 

15 
1600 

15 
1600 

15 
1600 

15 
1600 
1600 

15 
1600 
1600 

15 
1550 

1660 

1 

•  • 

60 

•  • 

5 
60 

■  • 

60 

•  • 

60 

•  « 

5 
60 

•  • 

60 

•  • 

5 
60 

60 

•  • 

■  • 

60 

•  • 

5 
60 

•  • 

5  ; 

60      j 

••       1 
60 

Melted 

550  * 

ARBailly 

Star 

90 
170 

Star 

33 

Star 

G.I 

G.I 

R.B 

1 

• 

Very  good 
Very  good 

30 

185 

^  41 

62 

R.B 

9.5 

R.L 

R.L 

Very  good 

265 
41 

R.L 1 

25 

G.A 

G.A 

Good 

190 
21 

D 

D 

Good 



320 
55 

D 

G.A.I 

G.A.I 



Very  bad 

20 
252 

4.4 

R.F 

Very  good 

195 

R.F 

11 

G.A.2 

G.A.2 

Very  bad 

148 
5 

G.M 

G.M 

Medium 

84 
17 

G.M 

2 

R.L 

R.L 

R.L 

Bad 
Shatters 

350 

la 

4.5 

R.S.G ; 

H.S.G 

R.S.G 

Bad 

(melted)       ; 

57 
22 

The  first  brick,  Assailly,  had  remained  a  year  in  the  lining  of  the  out- 
let from  a  gas  producer.  The  next  two  bricks,  American  Star,  and  G.  I., 
of  French  manufacture,  were  recommended  to  us  as  of  particularly  good 
quality.  The  last  brick  in  the  Table,  RSG,  it  has  not  been  possible  to  use, 
a  roof  constructed  with  these  bricks  having  melted  on  the  first  application 
of  heat.  The  other  bricks  were  of  French,  English,  and  German 
manufacture. 

All  of  the  good  bricks,  after  being  held  at  1600°  for  one  hour,  showed 
a  compressive  strength  greater  than  10  kg.  per  sq.  cm.;  most  of  the  good 
bricks  exceeded  20  kg.,  while  the  poor  bricks  were  below  5  kg.  It  seems 
evident,  therefore,  that  rigidity  at  high  temperatures  is  the  most  essential 
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if  not  the  only  important  quality  of  silica  brick.  Most  of  the  good  bricks 
have  densities  below  2.40,  the  very  good  ones  being  as  low  as  2.33. 
The  amount  of  sulphate  in  good  bricks  is  below  15  per  cent. 

4.  Independent  Variables 

Table  4  enumerates  the  essential  properties  of  silica  brick,  together 
with  the  elementary  factors  to  which  they  are  more  or  less  directly 
related: 

Table  4 

Prop>ertiefl  of  Brick  Elementary  Factors 

1.  Fusibility  1.  Nature  of  quartz 

2.  Compressive  strength  at  high  tern-  2.  Size  of  particles 

perature  3.  Nature  of  fluxes 

3.  Permeability  4.  Proportion  of  fluxes 

4.  Expansion  5.  Thoroughness  of  mixing 

5.  Dilation  6.  Tempering  water 

6.  Compressive  strength    at    ordinary     7.  Pressure  of  molding 

temperature  8.  Temperature  of  heating 

9.  Duration  of  heating 

Fusibility 

Fusibility  depends,  in  the  first  place,  upon  the  presence  of  basic  oxides 
mixed  with  the  quartz.  Secondly,  which  may  appear  somewhat  para- 
doxic^, fusibility  depends  upon  the  conditions  of  manufacture;  certain 
foreign  manufacturers  go  so  far  as  to  assert  that  fusibility  depends  much 
more  on  the  texture  of  the  brick  and  their  manner  of  firing  than  on  their 
chemical  composition. 

The  quartz  employed  for  silica  brick  is  almost  never  pure,  generally 
containing  mica;  furtherniore,  the  crushing  of  the  quartz  always  intro- 
duces a  certain  proportion  of  iron.  The  average  composition  of  silica, 
crushed  and  ready  for  use,  is  as  follows:  Alumina,  1.5;  oxide  of  iron, 
1.0;  magnesia  and  alkalies,  0.5 ;  silica,  97  per  cent.  As  a  binder,  lime  to  the 
extent  of  2  per  cent,  is  always  added,  thus  making  a  total  of  5  per  cent, 
of  basic  oxides.  If  this  is  computed  to  the  condition  of  sulphate,  after 
attack  by  hydrofluoric  acid,  it  represents  a  total  of  12  per  cent,  of  sul- 
phate; bricks  containing  above  15  per  cent,  of  sulphat<5  are  useless  for 
steel  furnaces,  and,  in  general,  good  bricks  should  not  contain  more  than 
the  equivalent  of  10  per  cent,  sulphate. 

The  influence  of  the  different  basic  oxides  on  increase  of  fusibility 
should  not  be  exactly  alike,  but  on  this  point  our  studies  have  not  been 
conclusive.  Oxide  of  iron  seems  to  have  the  least  influence,  since  sili- 
cates of  iron  are  decomposed  at  high  temperatures;  alumina  comes  next, 
then  lime,  and  finally  alkali,  the  action  of  which,  even  in  a  small  propor- 
tion, appears  to  be  very  energetic. 
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The  effect  of  the  method  of  manufacture  upon  the  fusibility  of  the 
brick  is  unquestionable.  Bricks  having  a  perfectly  normal  chemical 
composition  are  often  found  to  fuse  at  the  temperature  of  steel  f urnac^, 
giving  rise  to  a  granular  mass  in  which  the  large  grains  of  silica  are  mobile. 
This  arises  from  the  absence  of  a  sufficient  amount  of  fine  material  in  the 
mixture,  and  from  a  firing  not  sufficiently  complete  to  permit  the  develop- 
ment of  a  proper  network  of  tridymite.  On  further  heating,  the  network 
disappears  by  solution  in  the  magma,  leaving  between  the  large  grains  a 
glass  which  is  less  sUiceous  and  more  fusible  in  proportion  to  the  absence 
of  fine  grains.  The  examination  of  thin  sections  of  brick  shows  very 
clearly  that  the  grains  of  silica  are  attacked  by. the  magma  only  to  a 
depth  of  0.01  to  0.02  mm.  Only  grains  of  0.03  mm.  or  less  dissolve  com- 
pletely in  the  magma  and  contribute  to  the  formation  of  the  network. 
Assuming  that  the  amount  of  grains  of  this  size  is  only  10  per  cent,  of  the 
total  and  that  2  per  cent,  of  lime  is  added;  this  would  represent  20  per 
cent,  of  the  weight  of  the  fine  grains  and  would  give  a  fusible  glass  in 
which  the  large  grains  would  swim.  According  to  our  investigations, 
the  proportion  of  impalpable  material,  that  is  to  say,  of  quartz  passing 
through  a  screen  of  4900  openings  per  sq.  cm.  (approximately  200-mesh), 
should  be  at  least  25  per  cent.  Adopting  that  proportion,  at  the  very 
first  test  we  obtained  a  compressive  strength  of  30  kg.  per  sq.  cm.  after 
heating  for  one  hour  at  1600**,  which  is  comparable  to  the  strength  of  the 
best  commercial  brick. 

Shelling  or  Rupturing 

SheUing  or  rupturing  of  brick  at  low  temperatures,  which  occurs  on 
the  external  surface  of  brick  at  the  beginning  of  heating,  but  may  pene- 
trate half  way  through  the  brick  toward  the  end  of  the  heating,  arises 
principally  from  the  change  in  volume  which  the  different  varieties  of 
silica  undergo  during  their  reversible  transformation.  The  transforma- 
tion of  cristobalite,  accompanied  by  a  linear  expansion  of  1  per  cent.,  is 
by  far  the  most  serious.  Every  time  a  brick  containing  a  large  propor- 
tion of  cristobalite  passes  quickly  through  the  temperature  of  226°, 
crevices  are  produced,  which  diminish  the  rigidity  of  the  brick.  Accord- 
ing to  the  experiments  of  J.  Spotts  Mac  Do  well,  ^  a  single  heating  to  above 
this  temperature,  followed  by  cooUng  in  the  air,  reduces  the  compressive 
strength  of  silica  brick  by  50  per  cent.  For  this  reason,  it  is  impossible 
to  utilize  silica  brick  in  furnaces  which  will  be  allowed  to  cool  periodically; 
under  such  conditions,  the  brick  will  become  fissured  and  almost  com- 
pletely disintegrated  in  a  short  time.  In  steel  furnaces  maintained 
under  constant  heat,  this  accident  is  most  likely  to  occur  during  the  period 
of  preliminary  heating. 

1  Trans,  (1917),  67,  3-59  (contains  bibliography). 
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This  disadvantage  of  silica  brick  is  offset  by  their  mechanical  strength, 
opposing  the  production  of  crevices,  by  the  presence  of  large  grains  of 
quartz,  the  large  spaces  between  which  prevent  the  spreading  of  the 
crevices,  but,  above  all,  by  as  complete  a  transformation  as  possible  of 
cristobalite  into  tridymite. 

A  very  striking  experiment,  which  can  be^  strongly  recommended  to 
all  steel-works  engineers,  consists  in  placing  a  silica  brick  in  a  small  gas 
furnace,  or  a  kitchen  stove,  and  regulating  the  heat  in  such  a  manner  that 
the  lower  siurface  of  the  brick  is  raised  to  an  incipient  red  in  5  min. ;  after 
maintaining  the  heat  for  a  quarter  of  an  hour,  the  brick  is  taken  from  the 
fire  and  allowed  to  cool  for  the  same  length  of  time.  After  this  treatment, 
fragments  can  be  broken  off  from  the  brick  by  hand,  and  the  same  opera- 
tion can  be  repeated.  In  the  case  of  a  brick  having  absolute  density 
of  about  2.35,  the  brick  will  haye  been  entirely  disintegrated  at  the  end 
of  the  fifth  operation. 

On  the  other  hand,  a  slow  and  regular  heating  of  the  brick  prevents 
this  disintegration  by  diminishing  the  temperature  gradient  toward  the 
interior  of  the  brick.  We  have  been  able  to  avoid  all  Assuring  with  a 
brick  which  fractured  easily,  imder  the  above  treatment,  by  heating  it  to 
500^  at  the  rate  of  50°  per  hour,  and  allowing  it  to  cool  at  the  same  rate. 

Wood  fires,  which  are  frequently  employed  for  starting  the  operation 
of  a  steel  furnace,  are  particularly  dangerous  by  reason  of  the  irregularity 
of  their  heating  effect,  regions  of  high  temperature  necessarily  occurring 
above  the  points  at  which  combustion  is  most  active.  It  would  be  desir- 
able to  avoid  wood  fires  at  steel  works,  as  has  been  done  at  glass  works,  by 
using  currents  of  hot  air  with  progressively  increasing  temperatures. 

Expansion 

Expansion,  leading  to  the  superficial  spalling  of  brick  and  warping 
of  roofs  at  high  temperatures,  is  a  function  of  the  following  factors: 

1.  Change  in  the  condition  of  silica  from  that  of  quartz  to  a  material 
of  less  density. 

2.  Mechanical  strength  of  the  brick,  opposing  expansion. 

3.  Porosity  of  the  brick,  permitting  expansion  to  accommodate  itself 
in  the  spaces  between  grains. 

4.  Rate  of  increase  of  temperature  during  heating.  Abrupt  heating 
may  produce  expansion  three  to  six  times  as  great  as  a  slow  heating,  such 
as  is  maintained  in  well  conducted  kilns. 

When  the  change  from  quartz  to  tridymite  occurs  in  a  massive  un- 
fractured  block,  it  causes  a  linear  expansion  of  about  5.5  per  cent.  How- 
ever, by  a  suflBciently  slow  firing,  the  apparent  expansion  can  be  reduced 
to  2  per  cent.,  that  is  to  say,  a  value  below  that  of  absolute  expansion 
This  is  accompanied  by  a  parallel  diminution  in  the  volume  of  voids 
On  the  other  hand,  if  the  heating  during  the  first  firing  is  too  abrupt,  and 
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still  more  if,  after  an  insufficient  firing,  the  transformation  is  concluded 
only  in  the  steel  furnace,  the  linear  expansion  may  reach  10  per  cent.; 
there  would  then  be  a  considerable  increase  of  porosity,  rather  than  a 
reduction.  The  brick  would  become  both  less  strong  physically  and  also 
more  permeable  to  slag,  to  say  nothing  of  the  ruptures  produced  directly 
by  the  expansion. 


a  00 


-lOjt 

Plate  II. — Expansion  of  silica  brick  under  varying  conditions. 

In  the  accompanying  diagram  (Plate  II),  the  solid  line  represents  the 
theoretical  linear  expansion  of  a  compact  mass.  The  dotted  line  shows 
the  normal  expansion  of  a  well  fired  brick  not  introduced  into  the  steel 
furnace  until  after  the  transformation  of  the  quartz;  in  this  case,  one 
should  expect  a  minimum  expansion  of  2  per  cent,  in  the  kiln,  and  of  1 
per  cent,  in  the  steel  furnace.  The  broken  lines  represent  the  expansion 
of  a  badly  fired  brick  inserted  prematurely  and  abruptly  into  a  st«el 
furnace. 

Transformation  of  Quartz 

The  expansion  of  brick,  which  is  intimately  related  to  the  transfor- 
mations of  quartz,  is  of  the  greatest  importance  from  the  point  of  view 
of  the  manufacture  of  silica  brick,  and  of  their  use  in  steel  furnaces. 
Our  experiments  on  this  subject  have  not  offered  so  complete  a  solution 
of  the  problem  as  we  could  have  desired. 
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Days'  experiments*  have  shown  that  quartz  ceases  to  be  stable  above 
800°.  Its  enormous  passive  resistance,  however,  opposes  this  transfor- 
mation and  retards  it  to  such  an  extent  that  after  heating  to  1600°,  for 
only  a  short  time  it  is  true,  fragments  of  unaltered  quartz  can  often  be 
found.  In  order  to  produce  transformation  below  800°,  it  is  necessary 
to  apply  some  special  solvent,  such  as  vanadate  of  sodium,  and  to  prolong 
the  action  of  the  heat  for  several  days. 

In  the  manufacture  of  silica  brick,  the  transformation  of  quartz 
occurs  in  three  different  ways: 

1.  By  solution  and  recrystallization  in  the  melted  siUcates.  This 
phenomenon  begins  at  the  melting  point  of  these  compounds,  around 
1200°,  and  proceeds  with  rapidity  in  proportion  to  the  temperature.  It 
is  this  reaction  that  produces  the  network  of  tridymite  referred  to  above. 

2.  By  direct  transformation  of  quartz  fragments  without  any  other 
agencies  than  temperature  and  the  presence  of  natural  impurities  in  the 
rock.  This  transformation  takes  place  at  variable  temperatures  in  quartz 
from  different  localities;  the  exact  reason  for  the  variation  is  not  under- 
stood. Silex  can  be  transformed  in  less  than  an  hour  at  1300°;  the  Fon- 
tainebleau  sand,  which  is  very  pure,  transforms  at  1500°;  the  impure 
quartzite  ordinarily  used  for  the  manufacture  of  brick  transforms  at 
temperatures  between  these  two  limits. 

3.  By  direct  transformation  of  the  quartz  under  the  influence  of 
foreign  bodies  which  seem  to  penetrate  by  diffusion  to  a  certain  depth 
into  the  grain.  Cristobalite,  according  to  some  investigators,  would  be 
particularly  likely  to  give  rise  to  these  solid  solutions. 

One  of  us  has  shown,  25  years  ago,  that  crystals  of  very  pure  quartz 
can  be  put  through  a  furnace  for  the  production  of  hard  porcelain,  with- 
out undergoing  any  transformation.  Under  the  same  conditions,  the 
same  quartz  finely  pulverized  is  completely  transformed  into  silica  of 
low  density.  In  the  same  manner,  in  the  manufacture  of  fine  faience,  the 
more  finely  the  quartz  is  pulverized,  the  more  complete  is  its  transforma- 
tion. This  influence  of  grain  size  cannot  be  explained  except  on  the 
assumption  of  a  superficial  action  from  vapors  in  the  atmosphere  of  the 
furnace,  whether  steam,  or  alkali  vapors  derived  from  other  elements 
in  the  ceramic  mixture,  notably  feldspar. 

We  have  made  several  tests  on  the  transformation  conditions  of 
quartz,  and  have  studied  successively  the  influence  of  the  following  factors : 

1.  Nature  of  the  quartz. 

2.  Size  of  the  fragments. 

3.  Nature  of  the  flux. 

4.  Proportion  of  flux. 

5.  Length  of  firing. 

6.  Temperature  of  firing. 

*  American  Journal  of  Science^  ser^4  (1914),  37,  1-39. 
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The  tests  were  made  in  a  Bigot  furnace,  the  several  samples  being 
heated  simultaneously.  Except  for  the  last  experiment,  regarding  the 
influence  of  temperature,  the  heating  was  always  conducted  in  such 
manner  as  to  raise  the  temperature  to  1400^  in  1}^  hr.,  after  which  this 
temperature  was  maintained  for  1  hour. 

1.  Nature  of  the  Quartz, — In  these  tests,  the  quartz  was  introduced 
in  fragments  as  large  as  hazel  nuts,  but  most  of  the  fragments  decrepi- 
tated in  the  furnace.  The  density  of  the  samples  after  firing  is  shown  in 
Table  5. 

Table  5. — Effect  of  Nature  of  Quartz  on  Ultimate  Density 

Source  of  Quarti  Density  after  Heating 

Pebbles  from  Central  Plateau 2.65 

Bouchard  quartzite 2. 62 

Souvigny  quartzite  (very  pure) 2 .  60 

Urgay  quartz •. . . .  2 .  36 

Plat  quartz 2.35 

Souvigny  quartzite  (very  impure) 2. 32 

SUex 2.30 

2.  Size  of  the  Fragments. — ^These  tests  were  conducted  with  the  two 
varieties  of  quartz  which  were  found  the  most  difficult  to  transform. 
Results  are  given  in  Table  6. 

Table  6. — Effect  of  Size  of  Particles  on  Ultimate  Density 

Pebbles  from  AUier  Quarts 

Central  Plateau.  (Very  JPure). 

Final  Density  Final  Density 

Larger  pieces 2. 66  2 . 60 

Between  80  and  200  mesh* 2.64  2.57 

Below  200  mesh 2.59  2.39 

3.  Nature  of  the  Flux. — These,  and  all  the  following  tests,  werei  made  on 
pulverized  quartz  retained  between  screens  having  800  and  4900  openings 
per  sq.  cm.  (approximately  80  and  200  mesh  per  linear  inch).  The  tem- 
perature, as  before,  was  maintained  at  1400®  for  1  hour.  In  each  case, 
the  amount  of  flux  added  was  3  per  cent.;  the  quartz  was  Fontainebleau 
sand.  The  efifect  of  different  fluxes  on  the  final  density  of  the  quartz 
is  shown  in  Table  7. 

Table  7. — Effect  on  Ultimate  Density  of  Adding  3  Per  Cent.  Flux  to 

Fontainebleau  Sand 

Flux  Final  Density  Flux       Final  Density  Flux  Final  Density 

None  2.60  Li,COj  2.30  TiO,  2.66 

Na,CO,  2.40  CaO  2.63  B,0,  2.49 

NaiSiO,  2.34  AljO,  2.60  CaF,  2.51 

NaCl  2.46  Fe,0,  2.68  BaCl,  2.63 

Glass  2.32  Pbs04  2.49  ZnO  2.60 

4.  Influence  of  Proportion  of  Flux. — The  effect  of  varying  the  pro- 
portion of  two  fluxes,  silicate  of  sodium,  and  lime,  is  shown  in  Table  8. 

*  Between  800  and  4900  holes  per  square  centimeter. 


H.  LE  CHATELIER  AND  B.  BOOITCH] 


1453 


Table  8. — Effect  on  UUimate  DensUy  of  Varying  Proportions  of  Flux 


Sodium  ffilicate  Flux 

Lime  FIuz 

Per  Cent. 

Final  Density 

Per  Cent. 

Final  Dentity 

0.0 
0.5 
1.5 
3.0 

2.60 
2.52 
2.45 
2.34 

0 
3 
6 

2.60 
2.53 
2.46 

5.  Influence  of  Temperature. — In  these  experiments,  the  heating 
occupied  1}^  hr.,  the  temperature  then  being  maintained  at  1400®  for 
1  hr.  or  for  3  hours.    ,The  results  are  given  in  Table  9. 

Table  9. — Influence  of  Time  of  Heating  on  Density  of  Quartz 

Ingredients 
Sand  alone 

Sand  alone 

Sand  and  3%  CaO 

Sand  and  3%  CaO 

Sand  and  3%  NaCl 

Sand  and  3%  NaCl 


Time  of  Heating 

Final  Deneity 

Ihr. 

2.60 

3hr. 

2.51 

Ihr. 

2.53 

3hr. 

2.46 

Ihr. 

2.51 

3hr. 

2.38 

6.  Temperdture  of  Heating. — In  these  tests,  the  sand  was  heated 
alone,  or  with  the  addition  of  3  per  cent,  of  fluxing  material,  to  tempera- 
tures of  ISOO**,  1400°,  and  1500°.     The  results  are  shown  in  Table  10. 

Table  10. — Effect  of  Temperature  on  Density  of  Quartz 


13WC. 


14W  c. 


15WC. 


Sand  alone 

Sand  and  3%  Na>SiOs. 
Sand  and  ^%  CaFs. . . 
SaQdand3%CaCls... 
Sand  and  3%  Fbs04... 


Density 
2.65 
2.31 
2.56 
2.54 
2.53 


Density 
2.60 
2.34 
2.51 
2.51 
2.49 


Density 
2.44 

2.32 

2.35 

2.35 

2.37 


It  is  reasonable  to  suppose  that  the  natural  impurities  of  quartzites 
might  explain  their  relative  ease  of  transformation;  chemical  analyses, 
however,  have  not  provided  any  clear  indication.  The  most  frequent 
impurities  are  mica,  interspersed  between  the  grains,  and  oxide  of  iron  as 
very  finely  divided  inclusions  in  the  crystals.  The  addition  of  calcium 
fluoride  does  not  seem  to  have  produced  any  very  energetic  reaction. 
Possibly  inclusions  of  water  or  of  carbon  dioxide  in  certain  quartz  crystals 
may  exert  some  influence. 

The  most  obvious  conclusion  seems  to  be  that  quartzites  containing 
chalcedony  are  transformed  at  the  lowest  temperatures.  Often,  however, 
when  the  proportion  of  this  variety  of  silica  is  large,  the  mass  falls  to 
powder  during  calcination  and  is  unable  to  yield  substantial  brick. 
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5.  Manufacturing  Operations 

To  assist  in  ascertaining  the  method  of  manufacture  that  will  yield  the 
best  brick,  Table  11  will  indicate  the  lines  of  relationship. 

Table  11. — Essential  Conditions  and  Steps  in  Manufacture 

Conditions  Proceeses 

1.  Nature  of  quartz  1.  Selection  of  quartz 

2.  Size  and  shape  of  grains  2.  Preliminary  calcination 

3.  Nature  of  fluxes  3.  Crushing 

4.  Proportion  of  fluxes  4.  Addition  of  fluxes 

5.  Tempering  water  5.  Wetting  the  mixture 

6.  Uniformity  of  mixture  6.  Mixing 

7.  Compression  of  mixture  7.  Molding 

8.  Temperature  of  firing  8.  Dr>ang 

9.  Duration  of  firing  9.  Firing 

Selection  of  the  Quartz 

1.  Degree  of  Purity. — The  proportion  of  basic  oxides  should  not 
exceed  3  per  cent.,  which  is  equivalent  to  10  per  cent,  of  sulphate,  if 
excessive  fusibility  is  to  be  avoided.  On  the  other  hand,  the  percentage 
of  impurity  should  not  be  below  1.5  per  cent,  to  avoid  the  necessity  for 
excessively  high  temperatures  in  order  to  cause  complete  transformation 
of  quartz.  An  average  of  2  per  cent,  of  basic  oxides  represents  good 
practice  throughout  the  world.  The  proportion  of  basic  oxides  in  a 
number  of  natural  materials  used  for  silica  brick  is  shown  in  Table  12. 

There  may  be  some  doubt  as  to  the  correctness  of  this  opinion.  It  is 
certain  that  a  very  pure  quartz,  mixed  with  an  equally  pure  lime,  does 
not  lend  itself  well  to  the  manufacture  of  silica  brick,  their  temperature 
of  firing  being  below  the  melting  points  of  the  most  fusible  silicates  of 
lime.  On  adding  iron  and  alumina  to  the  mixture,  which  occur  natu- 
rally in  impure  quartz,  satisfactory  results  may  be  obtained.  A  sufficient 
quantity  of  iron  is  often  added  by  the  wear  of  the  crushing  apparatus 
itself.  It  may  be  questioned  whether  brick  made  with  the  more  dif- 
ficultly transformed  quartz,  which  are  also  the  most  expensive  to  make, 
are  actually  the  best  product.  The  high  temperature,  necessary  for 
firing,  at  the  same  time  facilitates  the  transformation  of  cristobalite 
into  tridymite. 

Table  12. — Percentage  of  Basic  Oxides  in  Certain  Siliceous  Materials 

AUOi  FejOi  Othera  Total 

Dinas  quartzit€ 1.60  0.30  0.40  2.30 

Sheffield  black  ganister 0.30  1.50  0.20  2.00 

German  quartzite  (Stella) 1 .  50  0 .  50  0 .  50  2 .  60 

Souvigny  quartzite  (Allier) 0 .  60  1 .  55  0 .  40  2 .  55 

2.  Absence  of  Pulverization  Durin-g  Firing. — Certain  quartzes  fall  to 
powder  during  calcination  and  naturally  cannot  yield  other  than  very 
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ordinary  brick;  the  large  grains,  the  importance  of  which  has  been  noted 
above,  disappear  during  this  operation.  This  fault  is  easily  detected 
by  a  rapid  heating  to  between  1500°  and  1600°,  sufficient  to  cause  trans- 
formation of  the  quartz  into  silica  of  low  density.  This  defect  often 
appears  to  be  due  to  the  presence  of  chalcedony,  sometimes  accompanied 
by  opal.  This  last  form  of  silica  is  difficult  to  distinguish  under  the 
microscope,  but  its  presence  can  always  be  recognized  by  the  loss  of 
weight  during  calcination.  It  is  always  advisable,  before  using  a  new 
quartz  on  a  large  scale,  to  subject  it  to  a  preliminary  calcination  at  high 
temperature  in  order  to  determine  its  behavior. 

3.  Hardness  of  the  Rock. — Rocks  of  great  hardness  increase  the  ex- 
pense of  crushing;  while,  on  the  other  hand,  a  rock  that  is  too  soft  makes 
it  difficult  to  obtain  large  grains,  and  especially  those  of  angular  shape. 
For  this  reason,  true  quartzites  are  generally  preferred  to  sandstone, 
although  the  latter  can  be  crushed  more  cheaply.  In  England,  however, 
the  Sheffield  ganister,  which  has  a  very  high  reputation  for  the  manu- 
facture of  silica  brick,  is  a  true  sandstone. 

Sands  are  the  worst  of  all  natural  quartz  materials  for  this  purpose, 
on  account  of  the  fineness,  the  rounded  outline,  and  especially  the  uni- 
formity in  size  of  their  grains.  The  Fontainebleau  sand,  for  example, 
contains  only  grains  ranging  between  0.1  and  0.3  mm.  Sand  can  well 
be  used,  however,  for  the  preparation  of  the  impalpable  material,  the 
necessity  for  which  has  been  indicated  above.  It  would  seem  possible, 
nevertheless,  to  employ  it  in  larger  proportions  for  the  manufacture  of 
silica  brick.  We  made  briquets  containing  75  per  cent.  Fontainebleau 
sand,  25  per  cent,  of  impalpable,  and  2  per  cent,  lime;  this  mixture, 
after  burning  at  a  temperature  a  little  higher  than  the  average,  gave  a 
product  having  an  absolute  density  of  2.32,  that  is  to  say,  the  quartz 
has  been  entirely  transformed  into  silica  of  low  density.  Compressive 
strength  at  ordinary  temperatures  was  112  kg.  per  sq.  cm.,  which  is 
ample,  and  expansion  during  firing  had  been  3  per  cent.,  which  is  a  normal 
amount,  but  these  bricks  disintegrated  completely  at  high  temperatures 
on  account  of  the  absence  of  large  grains. 

4.  Ease  of  Transformation  of  Quartz, — The  different  varieties  of 
quartz  are  transformed  with  varying  ease  under  the  application  of  heat. 
For  example,  quartz  broken  into  grains  of  less  than  1  mm.  diameter, 
but  remaining  on  a  200-me8h  screen  (4900  meshes  per  sq.  cm.),  is  reduced 
to  a  density  below  2.40  after  1  hr.  of  firing,  at  the  following  temperatures: 
Silex,  1300°;  ribbon  quartzite  from  AUier,  1400°;  pure  vein  quartz, 
1500°. 

It  is  not  yet  possible  to  say  which  is  the  best.  It  seems  well  estab- 
lished that  silex  always  yields  poor  brick;  they  are  light,  very  porous, 
and  lack  rigidity.  The  expansion  of  the  largest  grains  is  accomplished 
before  fusion  of  the  flux,  and  therefore  before  the  formation  of  the 
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tridymite  network.  Those  varieties  of  quartz  which  are  most  difficult 
to  transform  seem  to  yield  the  best  products,  provided  the  firing  is 
continued  long  enough  to  give  a  complete  transformation  of  the  quarts; 
this  high  temperature  tends  to  develop  the  production  of  tridymite  and 
diminish  that  of  cristobalite.  Abundance  of  cristobalite  is  the  principal 
cause  of  fracture,  a  very  serious  defect.  At  present,  the  preference  is 
generally  for  quartz  which  transforms  with  moderate  ease,  yielding 
sufficiently  satisfactory  products  at  a  moderate  cost. 

Calcination  of  Qiuirtz 

A  preliminary  calcination  of  quartz,  now  rarely  employed,  can  be 
given  for  two  different  purposes.  The  first  object  is  simply  to  weaken 
the  quartz  in  order  to  facilitate  its  crushing.  For  this  purpose  a  tem- 
perature of  around  1000^  is  sufficient,  which  can  be  obtained  with  a 
moderate  expenditure  of  fuel.  Except  in  the  case  of  very  pure  hard 
quartz,  this  operation  seems  to  have  little  advantage,  the  expense  of  the 
firing  exceeding  the  economy  realized  during  crushing.  Furthermore, 
quartz  weakened  in  this  manner  gives  rise  to  rounded  fragments^  and 
this  practice  is  tending  to  disappear. 

In  the  second  place,  calcination  at  very  high  temperature  may  be 
adopted  in  order  to  produce  a  transformation  of  the  quartz  before  it 
is  introduced  into  the  brick-making  mixture.  This  necessitates  a  large 
comsumption  of  fuel  and  complicated  heating  furnaces.  It  is  essential 
to  perform  the  heating  with  gas  or  with  a  flame,  avoiding  direct  contact 
of  ashes,  in  order  not  to  discolor  the  calcined  material.  A  possible 
application  of  this  method  would  be  to  subject  the  largest  grains  of  quarts 
to  a  partial  transformation  before  introducing  them  into  the  brick 
mixture;  this  would  undoubtedly  permit  a  reduction  in  temperature 
and  in  duration  of  the  firing  of  the  brick. 

Crashing 

The  crushing  of  quartz  is  always  an  expensive  operation  on  account 
of  the  hardness  of  the  material;  it  requires  the  expenditure  of  considerable 
energy  and  leads  to  a  rapid  wear  of  the  crushing  apparatus.  Roller 
mills  are  most  commonly  applied,  the  operation  being  continued  until  the 
desired  degree  of  fineness  is  obtained.  This  does  not  seem  a  rational 
method,  because  the  relative  proportion  of  the  different  sizes  of  material 
cannot  be  accurately  regulated. 

The  necessity  for  a  large  proportion  of  impalpable  material  is  one  of 
the  clearest  results  of  our  experiments,  some  of  which  are  shown  in  Table 
13.  On  comparing  the  results  of  the  first  two  experiments,  for  example, 
one  mixture  containing  25  per  cent,  of  impalpable  obtained  in  a  tube- 
mill,  the  other  containing  25  per  cent,  of  fine  material  obtained  by  screen- 
ing an  ordinary  crushed  product,  it  is  seen  that  the  compressive  strength 
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at  1600°  varies  in  the  proportion  of  4  to  1,  and  at  ordinary  temperatures 
in  the  proportion  of  2.5  to  1. 

The  preparation  of  impalpable  material  should  be  done  in  a  tube-mill, 
starting  with  siliceous  material  already  in  a  fine  state,  such  as  the  Fon- 
tainebleau  sand,  to  which,  if  necessary,  5  per  cent,  of  burnt  clay  brick  can 
be  added  in  order  to  introduce  the  necessary  amount  of  iron  and  alumina, 
such  as  naturally  exists  in  quartzite.  On  the  other  hand,  the  table  shows 
that  the  amount  of  impalpable  material  should  not  be  too  large.  Com- 
paring experiments  No.  1  and  3,  it  will  be  seen  that  a  brick  containing 

Table  13. — Efed  of  Varying  Fineness  of  Quartz  on  Properties  of 

Silica  Brick 


CompoBition  of  Mixture 

Linear 
Expanaion, 

% 

Demity 

Crushing  Strength, 
Kg.  per  Sq.  Cm. 

No. 

Apparent 

Actual 

At  Ordinary  Temp. 

At  1600'  C. 

^  ^ 

Dried 

Fired 

1 

1                             / 

Fresh  quartzite,  75 

,  Powdered  quartz,  25 

i  lime,  2 

5.2 

1.63 

2.35 

15 

165 

30 

2    Freah  quartzite,  75 

Screenings,  25 

;  Lime,  2 

5.2 

1.63 

2.33 

10 

60 

8 

3  1  Fresh  quartzite,  25 

Powdered  qtmrtz,  75 

• 

Lime,  2 

3.9 

1.36 

2.35 

9 

135 

10 

4  i  Fresh  quartzite,  25 

Scieenings,  75 

Ijme,  2 

3.9 

1.36 

2.33 

6 

52 

3 

5 

Calcined  quartzite,  75 

Powdered  quartz,  25 

Lime,  2 

3.2 

1.57 

2.33 

10 

120 

25 

6  '  Calcined  quartzite,  25 

Powdered  quartz,  75 

'  Lime,  2 

3.0 

1.35 

2.34 

8 

180 

15 

7    Calcined  quartzite,  25 

Powdered  quartz,  75 

Marly  clay,  6 

5.0 

1.40 

2.35 

9 

150 

9.5 

8  ;  Fresh  quartzite,  25 

Powdered  quartz,  75 

Marly  clay,  6 

5.2 

1.43 

2.36 

9.5 

160 

6 

9 

Fresh  quartzite,  25 

Screenings,  75 

Marly  clay,  6 

5.2 

1.43 

2.34 

7 

55 

2 

10 

Fresh  quartzite,  75 
Powdered  quartz,  25 

■ 

Marly  clay,  6 

5.0 

1.50 

2.34 

19 

110 

16 

11  .  Fresh  quartzite,  75 

3.7 

1.60 

2.35 

•  •  • 

120 

24 

12 

Powdered  quartz,  25 

4.1 

1.60 

2.36 

•  •  • 

150 

28 

13 

Time,  2 

4.5 

1.78 

2  37 

•  •  ■ 

250 

25 
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25  per  cent,  of  impalpable  has  a  crushing  resistance  at  high  temperature 
three  times  that  of  a  brick  containing  75  per  cent,  of  impalpable;  we  would 
therefore  recommend  a  proportion  of  25  per  cent,  of  impalpable  material, 
passing  the  200-mesh  screen. 

To  obtain  the  larger  grains  there  is  no  reason  for  using  roller  mills, 
and  it  is  preferable  to  use  some  form  of  cylindrical  crusher,  requiring  much 
less  mechanical  energy,  and  also  yielding  grains  having  a  lamellar 
shape,  which  is  most  advantageous  for  the  compactness  of  the  brick. 

If  roller  mills  must  be  used,  however,  it  is  necessary  to  give  them  a 
sufficient  weight,  5  tons  at  least,  in  order  to  enable  them  easily  to  crush 
fragments  of  quartz  of  the  size  usually  delivered  by  the  jaw  crusher. 
If  the  roller  mills  are  too  light,  they  roll  over  the  grains  without  crushing 
them,  increasing  greatly  the  cost  of  power  and  repairs,  while  also  intro- 
ducing particles  of  iron  into  the  mixture,  which  later  give  rise  to  brown 
stains  on  the  brick,  after  firing. 

Addition  of  Fluxes 

Lime  is  the  only  flux  regularly  employed  by  manufacturers  of  silica 
brick;  the  proportion  is  generally  between  1  and  2  per  cent.  M.  Bied  has 
proposed  to  add  to  the  lime  either  oxide  of  iron  or  alkali.  The  advantage 
of  a  flux  containing  oxide  of  iron  is  that  silica  is  only  slightly  soluble 
in  it  at  high  temperatures,  and  therefore  the  tridymite  network  is  less 
rapidly  destroyed  than  in  other  fluxes.  In  Martin  furnaces,  the  bricks 
of  the  roof  are  often  impregnated  with  oxide  of  iron  to  a  depth  of  10 
cm.  without  seriously  diminishing  their  resistance  to  heat. 

The  presence  of  alkalies  greatly  facilitates  the  transformation  of 
quartz  into  silica  of  low  density,  especially  into  tridymite.  Alkalies 
can  be  introduced  in  the  form  of  alkaline  clay,  such  as  the  majority  of 
marly  clays,  glauconite,  and  the  clays  of  Fresnes  and  Salerne.  On  the 
other  hand,  alkalies  have  the  disadvantage  of  exerting  an  energetic  solu- 
ble action  on  the  tridymite  network.  Our  test  No.  10,  Table  13,  was 
very  satisfactory,  nevertheless. 

Lime  alone  does  not  seem  a  sufficient  flux,  for  the  pure  silicates  of  lime 
do  not  fuse  until  they  reach  temperatures  above  those  obtained  in  the 
firing  of  silica  brick.  The  quartzites  ordinarily  employed,  however, 
contain  2  per  cent,  of  alumina  and  iron,  which,  with  the  lime,  yield  silico- 
aluminates  and  silico-ferrites,  fusible  at  about  1200°.  When  very  pure 
quartz  is  to  be  employed,  it  seems  indispensable  to  add  a  certain  propor- 
tion of  oxide  of  iron.  Silica  brick  are  often  made  without  any  addition 
of  flux,  the  mica,  after  crushing,  possessing  enough  adhesive  power  to 
give  the  dried  brick  a  suitable  stiffness,  and  sufficient  fusing  power  to 
permit  recrystallization  of  silica  during  the  firing. 

The  chemical  composition  of  the  fluxes  is  not  the  only  important  point; 
it  is  necessary  to  reduce  them  to  a  sufficiently  fine  state  of  division  to 
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allow  them  to  mix  intimately  with  the  silica;  this  is  the  more  important 
in  proportion  to  the  amount  of  impalpable  silica  in  the  mixture.  Well 
slacked,  fat  lime  and  natural  clays  are  generally  sufficiently  fine;  when 
well-burned  hydraulic  limes  are  used,  which  are  always  granular,  it  is 
necessary  to  pass  them  through  a  tube-mill  with  the  impalpable  silica. 
The  best  method  to  insure  that  a  fat  lime  shall  be  sufficiently  finely  dis- 
seminated is  to  slack  it  in  three  or  four  times  its  weight  of  boiling  water 
and  then  use  the  milk  of  lime  without  allowing  it  to  become  dry,  in  order 
to  avoid  agglomeration.  It  is  not  necessary  to  have  all  the  water*  boiling 
at  the  start;  the  operation  can  be  begun  with  a  little  boiling  water,  after 
which  increasing  quantities  of  lime  and  cold  water  can  be  introduced,  as 
the  heat  of  reaction  develops. 

Wetting  the  Mixture 

The  proportion  of  water  added  for  the  purpose  of  making  the  mixture 
workable  should  be  enough  to  permit  the  brick  to  be  carried  to  the  dry 
house  without  danger  of  deformation.  The  quantity  may  vary  from  8 
to  16  per  cent,  according  to  the  proportion  of  impalpable  material; 
obviously,  the  larger  the  proportion  of  extremely  fine  grains  the  more 
water  is  required.  Furthermore,  the  impalpable  material  so  increases  the 
compactness  of  the  brick  as  to  allow  a  larger  proportion  of  water  to  be 
used  without  making  the  brick  too  soft.  It  sometimes  happens,  when 
introducing  a  large  amount  of  impalpable  material,  that  the  operator 
forgets  to  increase  the  proportion  of  water;  thereupon  the  brick,  when  sub- 
jected to  firing,  break  in  planes  perpendicular  to  the  direction  of  compres- 
sion, owing  simply  to  a  lack  of  water. 

Mixing 

Mixing,  for  the  purpose  of  distributing  the  flux  uniformly  throughout 
the  siliceous  mass,  is  the  more  necessary  according  to  the  proportions 
of  fine  material.  We  have  not  yet  found  a  perfectly  satisfactory  process 
for  controlling  the  distribution  of  lime  throughout  the  mixture,  although 
this  is  a  very  important  factor  determining  the  quality  of  the  brick.  In- 
asmuch as  the  mixing  operation  is  not  very  expensive,  it  would  be  much 
better  to  increase  the  length  of  the  mixing  process,  even  beyond  what 
would  appear  to  be  strictly  necessary.  The  operation  is  generally  con- 
ducted in  light  mills  revolving  rapidly. 

On  this  subject,  we  would  suggest  the  possibility  of  using,  for  mixing, 
the  impact  mills,  which  are  used  for  the  preparation  of  molding  sand  at 
foundries.  We  would  also  indicate,  with  some  reserve,  the  possible  ad- 
vantage of  introducing  the  water  gradually.  When  it  contains  only  5 
per  cent,  of  water,  the  mass  mixes  readily  and  remains  sandy;  the  addi- 
tional water  can  then  be  introduced  at  the  end  of  the  operation,  when  it 
will  distribute  itself  immediately  and  uniformly. 
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Molding 

Molding  of  the  bricks  is  most  often  performed  by  hand,  although  there 
is  some  doubt  as  to  whether  this  process  is  better  than  the  use  of  a  mold- 
ing press.  It  permits,  possibly,  a  more  regular  distribution  of  the  mixture 
in  the  molds,  and  yields  brick  which,  at  1600®,  possess  the  same  mechan- 
ical strength  as  machine-pressed  brick.  In  the  case  of  badly  fired 
brick,  the  final  expansion,  which  occurs  after  the  bricks  are  in  the  furnace 
roof,  has  better  opportunity  to  relieve  itself  in  the  spaces  of  a  very  porous 
brick  and  thus  produces  much  less  external  pressure.  On  the  other  hand, 
pressed  brick,  which  are  always  dense  and  have  greater  strength  at  or- 
dinary temperature,  are  much  less  permeable  to  the  slag;  this  is  important, 
as  this  permeability  is  an  important  factor  in  the  destruction  of  brick. 
It  would  seem,  finally,  that  for  careful  manufacture,  high  molding  pres- 
sures are  preferable,  although  for  second-quality  brick  hand  molding 
may  be  perfectly  suitable. 

Drying 

The  molded  brick  must  be  dried  before  they  are  introduced  into  the 
kiln  because  they  would  otherwise  be  too  soft  to  permit  them  to  be  piled 
one  on  another;  the  abrupt  application  of  heat,  furthermore,  would  cause 
them  to  burst  or  at  least  crack  by  too  rapid  expelling  of  excessive  water 
vapor. 

The  drying  operation  presents  no  difficulties  and  require?  no  special 
precaution.  It  is  possible,  immediately  after  molding,  to  put  the  bricks 
into  a  heated  stove  and  dry  them  in  a  few  hours.  In  this  respect,  silica 
bricks  differ  from  clay  bricks  in  that  drying  does  not  -produce  any  con- 
traction. With  bricks  containing  a  large  amount  of  impalpable  silica, 
the  operation  may  require  more  care,  but  is  never  difficult. 

Firing 

Firing  is  the  most  important  feature  in  the  manufacture  of  silica 
brick,  and  also  the  most  expensive;  unfortunately  the  best  conditions 
for  firing  are  not  yet  fully  understood.  Tests  are  difficult  to  make 
on  account  of  the  length  of  firing  and  the  dimensions  of  the  furnace  in 
which  firing  is  done;  firing  often  lasts  for  20  days  and  may  take  place  in 
a  furnace  holding  200  to  300  tons  of  brick  at  once. 

The  maximum  temperature  of  firing  is  often  considerably  exaggerated. 
We  often  hear  of  firing  temperatures  of  1500**  and  even  1600®,  but  we  do 
not  believe  that  any  silica  brick  are  ever  actually  fired  at  temperatures 
exceeding  1400**,  and  base  this  belief  on  the  two  following  facts:  In  the 
most  intensive  firing,  the  heat  is  generally  limited  to  Seger  cones  No.  16 
to  18,  corresponding  nominally  to  temperatures  of  1450°  and  1490**; 
numerous  experiments,  however,  have  shown  us  that  in  ceramic  furnaces, 
in  which  the  heat  is  maintained  for  a  long  time,  Seger  cones  melt  at 
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temperatiuee  between  70°  and  100°  lower  than  in  calibration  teste,  which 
are  always  conducted  very  rapidly.  Furthermore,  on  examining  the 
ezpansioD  of  commercial  brick,  produced  by  subjecting  to  a  second  firing, 
we  have  determined  that  they  all  began  to  expand  rapidly  upon  reaching 
8  temperature  of  1400°,  which  proves  that  they  had  not  undergone  this 
temperature  in  the  first  firing. 

We  believe,  therefore,  that  a  temperature  of  1400°  is  enough  for  firing, 
provided  it  is  maintained  for  a  sufficiently  great  length  of  time.  In  any 
case,  we  do  not  believe  that  there  is  any  advantage  in  exceeding  a  tem- 
perature of  1450°,  even  with  the  most  difficultly  transformed  quartz. 
Our  experiments,  mentioned  above,  show  that  the  Fontainebleau  sand, 


Pia  11.  Fio.  12. 

Fia  II. — Silica  BRICK  MADB  i^OM  SouviONT  QTJARTziTE.     Circular  ci 

CRAKACTRRISnC  OP  CRIBTOBAUTB,  IN  LAROE  GRAINS  OF  QUARTZITB  ENTIRBLY 
nUNBTOBUED  BT  THE  FIRING.       NATURAL  LIOHT;  UAOHIFl CATION,    X  34. 

FlO,  12.— SlUCA  BBICK  MABB  OF  SotTVIONY  qUARTZlTB,  SHOWINO  FBAOMRNTS 
OF  gtJARI^  NOT  TRANSFORMED  BY  FIRING.  ArODND  THE  LARGE  GRAINS  IB  A  BORDER 
0.01  HU.  DEEP  PRODUCED  BT  THE  ATTACK  OF  THE  FLUX.  NATURAL  LIGHT;  UAG- 
NIFICATION,    X  34. 

whicli  is  particularly  difficult  to  transform,  in  the  presence  of  lime  is 
reduced  to  a  density  of  2.46  after  3  hr.  of  heating  at  1400°. 

Finally,  numerous  tests  of  mixtures  containing  Fontainebleau  sand 
fired  in  industrial  furnaces,  have  yielded  densities  between  2.32  and  2.36. 
As  for  the  large  grains  of  quartz,  the  transformation  is  less  rapid  and  it 
would  obviously  be  advantageous  to  introduce  these,  if  this  could  be 
done,  in  the  condition  of  quartz  already  transformed. 

In  addition  to  the  temperature,  it  is  necessary  to  take  into  account  the 
length  of  time  during  which  the  maximum  temperature  is  maintained, 
and  also  the  rapidity  with  which  the  heating  is  conducted.  In  case  of  too 
rapid  a  heating,  the  brick  expands  enormously,  the  direct  transformation 
of  the  grains  having  preceded  the  formation  of  the  network.    From  the 
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theoretical  point  of  view,  it  would  seem  that  the  best  condition  of  firiog 
would  be  to  raise  the  bricks  as  rapidly  as  possible  to  the  temperature  at 
which  the  large  quartz  grains  begin  to  transform  directly,  but  slowly; 
this  would  give  the  network  of  tridymite  an  opportunity  to  develop 
more  rapidly  than  the  isolated  grains  transform,  which  is  indispensable 
in  order  to  limit  expansion.  This  temperature  would  then  be  main- 
tained a  sufficiently  long  time  to  allow  the  transformation  of  large  grains 
to  be  completed. 

We  should  mention  an  absolutely  contrary  theory  maintained  by  cer- 
tain manufacturers  on  account  of  its  economical  advantages.  This 
involves  firing  at  a  very  low  temperature,  in  order  to  form  the  indispen- 


Fia.  13.  Fio.  14. 

Fig.  13.— Insupficiently  fired  Enqlisu  brick,  containinq  untransformed 
grains  of  quartz,  althoooh  bordered  to  a  depth  of  0,01  mu.  by  attack  of 
THE  FLUX.     Natural  light;  ma< 

Fio.  14. — Insufficiently 

ora1n8  of  quartz,  ind1catin<  .    

magnification,  x  34. . 

sable  network,  but  allowing  the  grains  of  quartz  to  remain  untrans- 
formed;  the  final  heating  is  afterward  finished  in  the  steel  furnace. 
This  process  has  the  advantage  of  not  introducing  cristobalit*  into  the 
brick  and  thereby  diminishing  the  danger  of  fracture;  on  the  other  hand, 
at  high  temperatures,  brick  of  this  character  would  be  subject  to  con- 
siderable expansion,  leading  to  a  warping  of  the  furnace  roof.  If,  how- 
ever, the  proportion  of  impalpable  silica  has  been  sufficient,  and  if  the 
firing  has  been  sufficiently  prolonged,  the  tridymite  network  may  perhaps 
be  sufficiently  solid  to  offset  the  danger  of  expansion. 

We  should  also  mention  a  third  theory,  upheld  by  certain  American 
authors;  well  burned  bricks  are  good ;  slightly  burned  bricks  are  mediocre; 
but  medium  burned  bricks  are  detestable.  Such  brick  are  composed 
principally  of  cristobalite  and  disintegrate  into  large  fragments  by 
fracturing. 
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Milwaukee  meetinc*  October,  1918,  when  an  abetraet  of  the  paper  will  be  read.     If  this  is  impossible. 
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Low-temperature  Distillation  of  Illiiiois  and  Indiana  Coals 

BY  O.  W.   TRAER,   CHICAGO,   IlL. 
(Milwaukee  Meeting,  October,  1918) 

The  distillation  of  bituminous  coals  at  what  is  commonly  termed 
low  temperature,  and  the  quantities,  nature  and  adaptabilities  of  the 
products  have  been  the  subject  of  considerable  experimentation,  during 
recent  years.  Fortunately,  the  earlier  work  in  this  country  was  done  by 
men  whose  scientific  training  qualified  them  properly  to  record  and 
interpret  the  results  of  their  experiments.  The  work  of  Prof.  Parr,  of 
the  University  of  Illinois,  is  especially  notable  in  this  respect. 

Prof.  Parr's  work,  added  to  that  of  English  experimenters,  demon- 
strated certain  things  to  a  degree  which  is  generally  regarded  as  convincing. 
They  have  proved  that  a  caking  bituminous  coal,  when  subjected  to  a 
temperature  of  not  more  than  1000°  F.  (preferably  somewhat  less)  will 
}neld  light  tar  having  low  specific  gravity  (about  1.06)  and  high  value; 
also,  that  this  yield,  with  a  given  coal,  will  depend  upon  the  percentage 
of  hydrocarbons  in  the  coal,  the  maximum  temperature  used,  and  the 
promptness  with  which  the  distillate  gases  are  removed.  It  is  assumed 
that  air  is  excluded  from  the  retort,  and  that  the  coal  is  subjected  to 
heat  for  a  sufficient  time  to  drive  off  all  of  the  tarry  hydrocarbons. 

The  results  attained  in  the  first,  or  low-temperature  stage  of  the  Car- 
bocoal  process,  recently  described  by  C.  T.  Malcolmson,*  corroborate 
these  general  principles.  It  is  the  purpose  of  the  writer  to  describe 
other  work  of  a  practical  nature,  directed  toward  the  commercial  adapta- 
tion of  these  principles,  which  was  begun  nearly  two  years  ago;  this  in- 
vestigation was  assisted  by  A.  J.  Sayers,  of  the  Link-Belt  Co.,  and 
Carl  Scholz. 

The  first  step  was  to  draft  tentative  designs  for  the  handling  of  the  coal 
and  coke  so  as  to  produce  a  coke  having  a  suitable  structure  for  sizing, 
storage,  shipment,  and  handling,  without  the  necessity  of  briquetting. 
Prof.  Parr's  results  had  indicated  that  the  rather  open-pored  volatile 
coke  produced  by  him  had  a  low  ignition  point,  which  would  contribute 
toward  easy  control  of  the  fire  in  stoves,  house  furnaces,  fire-boxes, 
and  boilers.  It  is  recognized  by  those  experienced  in  the  marketing 
of  fuels  that  the  hard  non- volatile  coke  from  the  high-temperature  process, 
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while  an  excellent  fuel  in  the  hands  of  those  qualified  to  handle  it,  never- 
theless falls  far  short  of  being  an  ideal  domestic  fuel,  and  is  still  less  wdl 
adapted  to  other  uses,  to  which  it  was  believed  a  high-volatile  coke  would 
be  more  suited.  The  high  ignition  point  of  hard  non-volatile  coke 
makes  it  difficult  to  burn  satisfactorily  in  a  small  or  thin  fire  With 
a  strong  fire  the  drafts  have  to  be  watched  closely  because  of  the 
tendency  to  over-intensity  of  combustion.  In  spite  of  its  high  heat 
value  and  cleanliness  in  handling,  it  has  therefore  fallen  short  of  being 
a  popular  domestic  fuel.  Another  obstacle  to  the  general  xise  of  hard 
coke  for  domestic  purposes  is  the  fact  that,  during  active  periods  in  the 
blast-furnace  industry,  the  furnaces  will  pay  such  high  prices  for  the 
coke  as  to  divert  it  from  domestic  use.  Domestic  consumers  feel,  there-  • 
fore,  that  it  is  not  a  reliable  source  of  supply  at  all  times,  and  when 
the  hard-coke  makers  wish  to  return  to  the  domestic  industry,  they 
have  to  build  up  their  business  all  over  again,  against  a  handicap. 

Another  important  factor  is  that,  while  it  has  proved  quite  imprac- 
ticable to  use  non-volatile  hard  coke  in  locomotives  previously  using 
high-volatile  bituminous  coals,  without  radical  changes  in  the  fire-boxes, 
the  indications  were  that  high-volatile  coke  could  be  employed  for  this 
important  purpose,  without  material  changes  in  the  fire-boxes. 

Experimental  Plant 

C.  M.  Garland  was  retained  to  revise  the  designs  and  supervise  the 
construction  and  operation  of  an  experimental  plant,  which  was  installed 
at  Chicago  in  1917.  The  operation  of  the  plant  began  early  in  October 
and,  with  some  stoppages  for  corrections  indicated  by  its  use,  was 
operated  until  Dec.  24.  Altogether  about  140  tons  of  coal  were  passed 
through  the  plant,  about  100  tons  of  which  was  Franklin  County  mine- 
run  crushed  to  pass  through  a  2-in.  round-hole  shaker  screen.  The  other 
coals  tested,  in  lots  ranging  from  4  to  12  tons,  comprised  Harrisburg 
and  Eldorado  in  Saline  County,  111.;  Indiana  4th  Vein  from  the 
J.  K.  Dering  mine,  Clinton,  Ind. ;  Indiana  No.  5  from  Grant  mine  No.  4; 
and   Indiana   No.    5   from   Knox    County. 

The  plant  comprised  one  oven  or  retort,  together  with  the  usual 
condensing  and  scrubbing  apparatus  for  the  distillate  gas,  and  other 
necessary  machinery  and  appliances. 

The  oven  was  horizontal  and  rectangular,  about  60  ft.  long,  4  ft.  high 
and  20  in.  wide.  At  each  end  was  a  double-door  lock,  one  serving  for  the 
admission  and  the  other  for  the  withdrawal  of  the  containers  carrying 
the  coal,  without  admitting  any  substantial  amount  of  air.  These  locks 
were  of  suitable  length  to  hold  one  container;  they  were  not  heated, 
nor  was  a  space  of  the  same  length  as  the  lock  immediately  inside  of  it. 
The  remainder  of  the  retort  was  supplied  with  down-draft  flues,  each  of 
which  led  to  a  large  off-take  flue  in  the  base  of  the  oven,  and  thence  to 
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the  stack.  The  flues  were  about  1  ft.  square  in  their  inner  dimensions 
and  were  laid  with  ordinary  rectangular  silica  brick,  as  tongued  and 
grooved  brick  in  interlocking  shapes  could  not  be  obtained  for  many 
months.  As  the  volume  of  clean  gas  yielded  by  the  low-temperature 
process  is  insufficient  for  heating  the  oven,  provision  was  made  to  supply 
city  gas  for  the  additional  heat  necessary;  in  the  commercial  plant,  pro- 
ducer gas  will  be  supplied  for  this  purpose. 

A  track  was  laid  through  the  oven  with  16-lb.  steel  rail,  11-in.  gage, 
to  carry  the  containers.  These  were  introduced  at  intervals  into  the 
charging  end,  each  successive  container  pushing  those  which  had  pre- 
ceded it;  when  the  retort  was  filled,  a  finished  container  would  be  dis- 
*-  charged  whenever  a  fresh  one  was  inserted.  The  train  of  containers 
was  pushed  by  a  hydraulic  ram,  and  they  were  charged  with  coal  and  the 
coke  was  discharged  from  them  manuaUy.  In  the  commercial  plant, 
the  pushing  will  be  done  by  an  electric  ram,  and  the  charging  and  dis- 
charging will  be  mechanical. 

The  design  of  these  containers  was  the  central  feature  of  our  process. 
Those  used  in  our  experimental  plant  were  about  4  ft.  long,  4  ft.  high  and 
12  in.  wide.  Partitions,  12  in.  apart,  divided  each  box  into  four  sections, 
each  12  in.  square.  Each  box  was  placed  on  a  cast-irojn  truck  mounted 
on  four  cast-iron  wheels.  When  the  truck  and  box  were  removed  from 
the  oven,  the  box  was  lifted  off,  the  coke  discharged,  the  box  replaced 
on  the  truck,  and  returned  to  the  other  end  of  the  oven  for  recharging. 
One  of  the  principal  purposes  of  this  form  of  container  was  to  afford 
means  by  which  the  heat  could  be  quickly  conveyed  through  the  mass  of 
coal.  Experience  with  the  high-temperature  byproduct  oven  has  shown 
that  when  heat  is  applied  only  to  the  side  of  the  charge,  the  progress 
of  the  coking  is  very  slow,  probably  only  J^  in.  per  hour. 

It  is  impracticable  to  make  a  semi-coke  of  substantially  uniform 
volatile  content,  unless  special  means  are  employed  for  conveying  the 
heat  to  the  center  of  the  charge  more  quickly  than  is  possible  by  means  of 
a  heated  side-wall  only,  because  if  the  side- wall  temperature  is  not  raised 
above  1000®  F.  the  progress  of  the  coking  toward  the  center  will  be 
prohibitively  slow;  indeed,  it  has  proved  impracticable  to  convey  the 
heat,  at  that  temperature,  through  10  in.  of  coal.    If  the  heat  is  raised 
above  1000°,  by  the  time  the  tarry  volatiles  are  all  driven  oflf  at  the  center 
of  the  charge,  the  volatile  contents  of  the  coke  on  the  outer  side  will  be 
greatly  reduced,  thus  giving  a  coke  of  widely  varying  character.     Fur- 
thermore, the  higher  temperature  will  cause  a  proportionate  decrease 
in  the  valuable  light  oils  and  a  corresponding  increase  in  pitch;  the  per- 
centage of  coke  also  will  be  decreased.     There  will  be  an  increase  in 
gas,  but  it  will  fall  far  short  of  compensating  for  the  losses  mentioned. 
The  first  container  boxes  were  made  of  sheet  steel,  and  were  divided 
into  four  compartments  each  12  in.  square.     It  quickly  developed  that 
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this  column  was  too  large  for  short-time  coking,  with  a  reasonably  uni- 
form volatile  contents.  Additional  compartments  were  then  put  in  some 
of  the  boxes;  while,  in  others,  pipes  of  varying  diameters  were  placed 
in  the  centers  of  the  large  compartments.  Both  of  these  expedients 
produced  usable  coke. 

A  cast-iron  box  also  was  used;  the  shell  and  partitions  were  ^i  in. 
thick,  and  the  compartments  varied  from  4  to  8  in.  in  width.  This 
cast-iron  box  showed  great  superiority  over  all  other  forms,  and  proved 
eminently  satisfactory  for  the  purpose.  The  compartments  were 
tapered  slightly,  so  that  by  the  time  the  boxes  reached  the  open  air,  the 
temperature  had  been  reduced  enough  to  cause  a  slight  shrinkage  and 
the  coke  slipped  out  of  the  compartments  without  difficulty.  It  showed 
no  tendency  whatever  to  cling  to  the  metal. 

Characteristics  op  Semi-coke 

The  semi-coke  thus  produced  proved  a  most  satisfactory  fuel  for 
all  general  purposes.  Although  our  retort  had  only  side-wall  heat, 
we  were  able  to  produce  a  coke  practically  homogeneous  in  structure  and 
volatile  contents.  By  keeping  the  charge  in  the  heat  long  enough,  we 
could  produce  a  hard  coke  with  practically  no  volatile  contents,  or  by 
withdrawing  the  charge  as  soon  as  it  was  fused  to  the  center,  we  could 
change  the  coal  into  the  form  of  coke  while  but  little  of  the  original  vola- 
tile contents  had  been  removed.  Our  experience  indicates  that  the  ideal 
fuel  for  general  use  is  obtained  by  leaving  about  18  per  cent,  of  vola-  . 
tile  matter  in  the  coke;  this  gives  a  satisfactory  yield  of  coke,  while,  at 
the  same  time,  practically  all  the  volatile-producing  oil  or  tar  has  been 
removed,  and  the  coke  thereby  rendered  smokeless.  Using  compart- 
ments of  suitable  width,  the  coke  is  uniform  in  structure  and  has  sufficient 
strength  to  permit  sizing  and  handling.  The  specific  gravity  is  somewhat 
less  than  that  of  hard  coke,  but  not  enough  so  to  be  a  practical  objection. 
The  breeze  and  fines  burn  satisfactorily,  either  by  themselves  or  with  the 
coarse  sizes;  in  fact,  the  behavior  in  the  fire-box,  in  that  respect,  is  quit^ 
similar  to  that  of  bituminous  coal.  It  ignites  as  readily  as  bituminous 
coal.  The  fire  is  easily  controlled,  and  was  successfully  banked  for  8 
to  10  hr.  in  house  furnaces  during  severe  winter  weather.  It  bums 
with  a  short,  bright,  clear  blaze,  and  is  clean  to  handle  and  fire. 

An  8-hr.  test  of  the  semi-coke  made  from  three  different  kinds  of 
coal  was  made  on  a  switch  engine  in  one  of  the  large  railroad  yards  in 
Chicago.  The  coals  were  Franklin  County,  111.,  Indiana  Vein  No.  5 
from  north  of  Terre  Haute,  and  Indiana  Vein  No.  5  from  Knox  County. 
In  clearing  up  the  pile  from  which  this  tender  load  was  taken,  all  of  the 
fine  stuff  was  gathered  up  with  the  coarse,  so  that  there  was  a  large 
percentage  of  it  in  the  tender  load,  which,  in  proportion  of  coarse  and  fine, 
resembled  mine-run  coal. 
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There  waa  a  light  coal  fire  in  the  locomotive  and  on  this  the  semi-coke 
was  started.  It  steamed  rapidly  from  the  start  and  made  no  smoke 
throughout  the  test.  The  amount  of  cinders  thrown  from  the  stack 
with  a  heavy  exhaust  was  but  a  small  proportion  of  the  amount  coming 
from  bituminous  coal.  The  semi-coke  steamed  rapidly  enough  to  make  it 
unnecessary  to  use  the  steam  blower  when  the  exhaust  was  off,  as  is  done 
to  lessen  the  smoke  when  bituminous  coal  is  used;  this  effects  a  substan- 
tial saving  of  coal.  The  engine  did  its  regular  yard  work  for  about  4 
hr.,  the  crew  being  changed  at  the  third  hour.  By  this  time  a  thin 
chnker  had  formed  which,  however,  was  readily  removed  during  the  noon 
hour.  Another  thin  clinker  was  formed  and  removed  during  the  after- 
noon, but  some  coal,  of  which  there  was  some  at  the  bottom  of  the  tender, 
had  been  fired  on  top  of  the  semi-coke  before  this  happened.  The  Engi- 
neer of  Tests  of  the  railroad  stated  that  this  clinkering  probably  resulted 
from  the  mixing  of  semi-coke  made  from  three  different  kinds  of  coal, 
and  from  the  excessive  amount  of  fine  stuff.  Mr.  Scholz,  who  was  on 
the  engine  during  a  considerable  part  of  the  test,  was  of  the  same  opin- 
ion; and  they  agreed  that  the  semi-coke  had  satisfactorily  shown  its 
adaptability  for  locomotive  use  without  material  change  in  the  fire-box. 
The  semi-coke  was  entirely  new  to  both  firemen  on  this  run. 

In  regular  practice,  a  semi-coke  made  from  one  kind  of  coal  will 
clinker  less  than  the  coal  from  which  it  is  made.  This  is  because  the  semi- 
coke  burns  up  without  permitting  the  lumps  to  break  down  or  melt; 
there  is,  therefore,  a  better  circulation  of  air  through  the  fire-bed  than 
with  coal.  In  regular  practice  there  also  would  be  a  great  deal  less  fine 
stuff  than  was  in  this  tender  load.  In  a  plant  equipped  entirely  with 
casting-boxes,  the  plant  run  of  semi-coke  would  contain  a  very  small 
percentage  of  fine  stuff;  from  his  observation  in  our  experimental  plant, 
Mr.  Garland  estimates  this  at  less  than  10  per  cent. 

Volatile   Products  of  Distillation 

In  the  operation  of  our  experimental  oven,  it  was  de'lnonstrated  that 
it  would  not  be  possible  to  use  a  brick  wall  between  the  side  flues  and 
the  containers,  and  at  the  same  time  make  a  practically  complete  recovery 
of  the  oil  and  gas  in  the  coal.  This  was  partly  due  to  the  small  amount 
of  gas,  )'^  to  1  cu.  ft.  per  pound  of  coal,  obtained  in  the  low-temperature 
process,  as  compared  with  5  to  6  cu.  ft.  in  the  high-temperature  process. 
A  small  air  leakage,  such  as  exists  in  the  high-temperature  ovens,  would 
therefore  produce  disastrous  results;  even  in  high-temperature  ovens, 
there  is  more  or  less  trouble  in  keeping  down  the  percentage  of  carbon 
dioxide  in  the  gas.  In  our  experimental  oven,  the  use  of  plain  silica  brick 
instead  of  special  interlocking  brick  increased  the  leakage  materially, 
although  special  precaution  was  taken  in  laying  up  the  brick  and  in  coat- 
ing the  interior  of  the  oven  with  special  high-temperature  cement. 
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The  quantitative  determination  of  gas  and  tar  was  therefore  impossible 
with  this  oven.  These  factors,  however,  have  been  demonstrated 
repeatedly,  not  only  by  Prof.  Parr,  for  practically  every  coal  mined  in  the 
State  of  Illinois,  but  also  by  numerous  others.  The  curves  of  Fig.  1 
show  the  relation  between  the  coking  temperature  and  the  tar  produced, 
in  gallons  per  ton,  for  a  coal  containing  approximately  30  per  cent,  of 
volatile  matter.  These  curves  are  based  on  experiments  made  by  Lewes, 
and  correspond  with  the  results  obtained  by  Prof.  Parr.  The  Illinois 
and  Indiana  coals  have  36  per  cent,  or  more  of  volatile  hydrocarbons 
and  will  therefore  produce  correspondingly  more  tar  than  the  30  per  cent. 
coal  illustrated  in  Fig.  1. 

For  our  commercial  oven,  a  cstst-kon  retort  will  be  used,  which  will 
be  lined  on  the  flue  side  with  silica  brick.  This  retort  is  ribbed  to  prevent 
warping,  and  is  fixed  only  at  the  center,  leaving  the  ends  free  to  expand. 
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Fig.  1. — Relations  between  retort  temperature,  and  specific  gravity  and 
yield  of  tar,  per  ton  op  coal  containing  30  per  cent.  volatiles. 

Since  the  temperature  within  the  oven  does  not  exceed  1000*^  F.,  this 
will  not  only  insure  a  gas-tight  construction,  but  the  retort  will  be  con- 
siderably more  permanent  than  a  brick  structure,  and  will  cost  less  for 
maintenance  than  brick  retorts  of  this  form. 

The  light  tar  produced  by  the  low-temperature  process  is  a  liquid 
having  the  consistency  of  heavy  cylinder  oil.  Its  significant  character- 
istics, as  disclosed  by  Prof.  Parr's  work,  are:  first,  the  large  percentage 
of  the  light  fraction  cut  at  210°  C.  (about  18  per  cent.) ;  second,  the  large 
percentage  of  the  middle  fraction  (about  52  per  cent.)  and  the  high  per- 
centage of  the  tar  acids  therein;  third,  the  very  low  proportion  of  pitch 
(about  30  per  cent,  as  compared  with  65  per  cent,  or  more  in  the  heavy 
high-temperature  tar),  the  low  melting  point  of  this  pitch,  and  its  low 
percentage  of  free  carbon. 

Taking  Franklin  County,  111.,  coal  as  a  basis,  the  results  of  operation 
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at  our  experimental  plant  indicated  that  the  products  of  low-temperature 
distillation  will  be  about  77J^^  per  cent,  of  semi-coke  having  18  per  cent. 
volatile  combustible  matter,  and  about  25  gal.  of  light  tar  and  oil  per 
ton  of  coal.  There  will  also  be  a  small  amount  of  ammonia,  but  since 
the  nitrogen  in  the  coal,  which  is  the  source  of  the  ammonia,  does  not  leave 
the  coaj  freely  until  the  temperature  is  considerably  above  1000**  F.,  the 
greater  part  of  the  nitrogen  remains  in  the  semi-coke;  if  this  product  is 
then  made  into  producer  gas  in  a  byproduct  plant,  a  very  large  recovery 
of  the  ammonia  may  be  made.  Treated  in  this  way,  the  recovery  from 
Franklin  County  coal  would  be  about  100  lb.  of  sulphate  of  ammonia 
per  ton  of  coal.  This  assertion  is  based  upon  data  furnished  by  C. 
W.  Tozer  of  London,  England,  regarding  his  experiments  with  a  coal 
closely  resembling  that  of  Franklin  County.  In  the  high-temperature 
non-volatile  coke  plants,  the  nitrogen  is  all  driven  off  the  coal,  but  only 
the  lesser  part  of  it  is  recoverable  as  ammonia,  because  the  temperature 
of  the  oven  is  so  high  that  the  greater  part  of  the  nitrogen  does  not 
combine  with  hydrogen,  or,  if  such  a  combination  is  made  at  first,  it  is 
later  broken  up  before  it  can  be  recovered. 

Based  upon  our  experience  at  our  experimental  plant,  the  heating 
period  required  with  the  casting  containers  will  not  exceed  8  hr.,  and  it 
is  probable  that  this  may  be  reduced.  The  length  of  time  required  de- 
pends upon  the  greatest  distance  which  it  is  necessary  for  the  heat  to 
travel  through  the  coal.  A  shorter  period  could  be  attained  by  reducing 
this  distance,  but  if  it  is  too  greatly  shortened,  the  result  might  not  be 
compensatory,  by  reason  of  structural  and  other  considerations. 

High-  vb.  Low-temperature  Distillation 

Ample  data  were  secured  from  the  operation  of  our  plant  upon, 
which  to  base  enlarged  and  perfected  designs  for  a  commercial  plant, 
and  to  furnish  a  sound  basis  for  estimating  the  cost  of  installing  and 
operating  it.  This  has  been  carefully  worked  out  by  Mr.  Garland  and 
the  writer,  and  the  results  are  very  attractive  as  to  earning  power.  Our 
plant  will  cost  considerably  less  than  a  high-temperature  plant  of  the 
same  capacity,  and  our  products  will  yield  a  larger  return  per  ton  of  coal. 
Franklin  County  coal,  which  has  a  natural  moisture  content  of  about 
8)^  per  cent,  will  yield  12  to  15  per  cent,  more  semi-coke,  by  the  low- 
temperature  process,  than  can  be  derived  from  it  as  hard  coke  by  the 
high-temperature  process.  There  will  be  at  least  double  the  amount 
of  tar  and  oil,  and  commercial  investigations  indicate  that  its  value  per 
gallon  will  be  several  times  as  great.  The  high-temperature  process  will 
yield  several  times  as  much  gas  as  the  low-temperature  process,  but 
the  surplus  gas  is  always  sold  at  a  very  low  price.  The  high-temperature 
process  also  has  some  advantage  in  the  greater  amount  of  ammonia  pro- 
duced, but  this  also  is  more  than  offset  by  other  considerations      The 
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opportunities  for  commercial  development  of  the  low-temperature  process 
seem  to  be  very  great;  it  is  not  visionary  to  predict  the  substitution  of 
semi-coke,  in  the  Central  and  Western  states,  for  a  large  part  of  the 
anthracite  and  so-called  smokeless  coals  which  now  come  into  this  terri- 
tory, by  rail  or  lake. 

Members  of  the  Institute  are  doubtless  well  informed  as  to  the  large 
number  of  valuable  sub-products  which  may  be  derived  from  light  tar 
and  oil,  and  the  rapidity  with  which  this  chemical  industry  is  now  devel- 
oping in  the  United  States.  Dr.  David  T.  Day  is  authority  for  the 
statement  that  the  cracking  process  for  deriving  motor  fuel  from  mineral 
oils  has  reached  a  stage  of  development  indicating  that  it  is  possible,  in 
this  way,  to  secure  nearly  20  gal.  of  gasoline,  or  motor  fuel  of  the  same 
value,  per  ton  of  Franklin  County  or  similar  coal. 
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[BPBJBCT  TO  BBYI8ION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  pref ermbly  be  presented  in  person  at  the 
Uilwftukee  meetinc,  October,  1918.  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  mtjv  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
39th  Street,  New  York,  N.  x.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UoloB  nedal  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Nov.  1, 1918.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Notes  on  Certain  Iron-ore  Resources  of  the  World 

BY  B.   C.   HARDER,*     W.    LINDGREN,*      C.    M.    WKLD,t     A.    C.    SPENCER,*     H.    F.   BAIN,t 

SIDNEY  PAIGE* 

(Milwaukee  Meeting,  October.  1918) 

At  a  meeting  of  the  New  York  Section,  on  May  23,  1918,  the  sole 
subject  of  discussion  was  the  nature  and  occurrence  of  iron  ores  in  certain 
parts  of  the  world.  J  Owing  to  the  importance  of  this  subject,  it  has  been 
deemed  advisable  to  publish  the  remarks  made  at  that  meeting  in  the 
form  of  a  paper,  for  presentation  at  the  Milwaukee  Meeting,  instead  of  in 
the  usual  place,  under  News  of  Local  Sections.  The  remarks  related  to 
the  following  districts:  Brazil,  by  E.  C.  Harder,  of  the  U.  S.  Geological 
Survey;  Scandinavia,  by  Waldemar  Lindgren,  of  the  U.  S.  Geological 
Survey;  Cuba,  by  C.  M.  Weld,  of  the  U.  S.  Bureau  of  Mines;  Southern 
Europe,  by  A.  C.  Spencer,  of  the  U.  S.  Geological  Survey;  China,  by  H. 
Foster  Bain,  of  the  U.  S.  Bureau  of  Mines;  Alsace-Lorraine,  by  Sidney 
Paige,  of  the  U.  S.  Geological  Survey. 

BRAZIL 

By  E.  C.  Harder 

During  the  years  immediately  preceding  the  war,  the  iron  ores  of  Bra* 
zil  were  attracting  the  attention  of  iron  operators  both  in  Europe  and  in 
the  United  States.  This  was  due  to  the  large  quantities  of  practically 
undeveloped  ore  available,  and  to  its  great  purity.  It  is  reasonably  safe 
to  stat.e  that  had  capital  not  been  diverted  from  the  exploitation  of  these 
deposits  to  war  purposes,  Brazilian  iron  ores  would  probably  now  be  offered 
in  European  and  American  markets.  It  is  certain  that  after  the  war 
these  ores  will  play  a  prominent  part  in  the  economic  reconstruction  of 
Europe  and  perhaps  in  the  development  of  America. 

The  Brazilian  iron-ore  field  ranks  among  the  six  great  iron-ore  dis- 


•  U.  S.  Geological  Survey. 

t  U.  S.  Bureau  of  Mines. 

X  For  additional  information  on  this  subject,  readers  are  reminded  of  the 
ezhaufltive  work,  "Iron  Ore  Resources  of  the  World, "  published  by  the  XI  Interna- 
tional Geological  Congress,  Stockholm,  1910.     Two  volumes  and  Atlas. 
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tricts  of  the  world,  the  others  b^ng:  (1)  The  Lake  Superior  district  of  the 
United  States;  (2)  the  Lorraine  ore  field  of  northern  France  and  Southern 
Germany;  (3)  the  magnetic  deposits  of  northern  Sweden;  (4)  the  ore 
fields  of  Oriente,  Cuba;  and  (5)  the  Wabana  ores  of  Newfoundland.  It  is 
doubtless  the  greatest  known  undeveloped  iron-ore  district  in  the  world. 

The  Brazilian  iron  ores  are  situated  in  the  State  of  Minas  Geraes,  the 
center  of  the  district  being  located  about  260  miles  in  a  direct  line  west  of 
Victoria  and  about  225  miles  directly  north  of  Rio  de  Janeiro.  The  district 
is  roughly  100  miles  square  and  within  this  area  are  in  the  neighborhood  of 
30  known  deposits  of  high-grade  iron  ore,  having  an  aggregate  tonnage 
variously  estimated  up  to  3J'^  billion.  The  largest  of  the  deposits  con- 
tains, at  a  conservative  estimate,  at  least  350,000,000  tons.  There  are 
numerous  orebodies  containing  from  10  to  50  million  tons.  These  esti- 
mates of  ore  tonnages  have  been  checked  by  many  engineers.  They  are 
based  to  some  extent  on  exploration  work  but  more  largely  on  natural 
exposures,  for  the  covering  over  the  orebodife  is  scant. 

The  iron-ore  district  is  reached  by  way  of  the  Central  of  Brazil 
Railway,  which  runs  northward  from  Rio  de  Janeiro  through  the  iron- 
ore  region  to  Pirapora,  on  Rio  Sao  Francisco.  It  cuts  the  district  into 
two  approximately  equal  parts.  The  Central  of  Brazil  has  sharp  curves 
and  steep  grades.  It  crosses  several  divides  and  was  not  planned  as  an 
ore-carrying  road.  A  new  road,  the  Victoria  a' Minas  Railway,  is  now 
under  construction  westward  from  Victoria  up  Rio  Doce  into  the  iron- 
ore  district.  When  completed  it  will  be  used  primarily  for  iron-ore 
transportation. 

The  principal  orebodies  occur  as  huge  lenses  interbedded  with  exten- 
sive layers  of  siliceous  sedimentary  iron-bearing  formation,  known  as 
itabiritej  which  covers  many  square  miles.  There  is,  however,  another 
type  of  ore  occurring  in  surface  blanket  deposits  formed  by  the  weather- 
ing of  the  iron-bearing  formation.     This  ore  is  known  as  canga. 

The  interbedded  ore  lenses  consist  of  both  hard  ore  and  soft  ore.  The 
former  is  of  uniformly  high  grade,  averaging  about  69  pervcent.  metallic 
iron,  being  low  in  silica,  and  generally  containing  less  than  0.02  per  cent, 
phosphorus.  The  soft  ore  contains  from  60  to  68  per  cent,  metallic  iron, 
depending  on  the  amount  of  silica  present,  and  from  0.01  to  0.07  p^r  cent, 
phosphorus.  The  canga  ores  are  of  lower  grade,  ranging  up  to  65  per  cent, 
in  metallic  iron  and  carrying  from  0.1  to  0.3  per  cent,  phosphorus.  More 
than  500  analyses  of  various  classes  of  ores  and  covering  many  deposits 
have  been  made  by  one  company  alone. 

That  iron  ores  existed  in  Brazil  has  been  known  for  many  years.  The 
early  gold  discoveries  in  Minas  Geraes,  made  more  than  200  years  ago, 
were  in  the  iron-ore  district.  In  fact,  many  of  the  gold-mining  operations 
were  in  the  iron-bearing  formation  itself,  in  which  gold  occurs  dissemi- 
nated through  soft  itabirite.    Later  the  manganese  ores  of  Brazil  also 
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vere  discovered  in  the  same  region,  and  locally  were  directly  associated 
with  the  iron-bearing  formation. 

That  the  iron  ores  themselves  might  be  of  value,  however,  was  not 
suspected  until  recent  years,  due  to  a  number  of  factors,  such  as:  (1) 
The  small  demand  for  iron  and  steel  products  in  Brazil,  due  to  its  still 
largely  undeveloped  industrial  condition;  (2)  lack  of  coal  suitable  for 
iron  manufacture  in  Brazil  and  neighboring  countries;  (3)  the  distance  of 
the  deposits  from  the  coast,  making  the  exportation  of  the  ore  a  difficult 
problem. 

About  8  years  ago.  Dr.  Derby,  then  director  of  the  geological 
bureau  of  the  Brazilian  Government,  called  attention  to  these  great 
reserves  of  iron  ore  at  the  Stockholm  Geological  Congress.  Shortly 
before  this,  English  capitalists  had  made  some  initial  purchases  of  iron- 
ore  lands,  and  immediately  thereafter,  doubtless  in  part  due  to  the 
publicity  referred  to,  engineers  of  various  nationalities  began  actively  ex- 
ploiting the  deposits.  In  less  than  5  years  all  but  a  few  of  the  deposits 
were  in  the  hands  of  English,  American,  French,  and  German  interests, 
whereas  previous  to  1910  nearly  all  had  been  owned  by  native  Brazilians. 
When  the  war  began  the  development  of  the  deposits  was  going  on 
actively,  but  it  soon  began  to  decrease  in  vigor,  and  gradually  stopped. 

This  being  the  general  situation  with  regard  to  the  Brazilian  iron  ores, 
the  question  arises  as  to  what  use  will  eventually  be  made  of  these  ores 
and  how  they  will  affect  the  iron  and  steel  industry  of  the  world.  In 
general,  the  Brazilian  ore  region  may  be  compared  to  the  Lake  Superior 
district  as  it  was  50  or  60  years  ago.  There  is  one  great  difference,  how- 
ever, that  the  Lake  Superior  ores  were  then  in  the  midst  of  a  rapidly 
developing  country  within  easy  reach  of  some  of  the  richest  coal  fields  in 
the  world,  while  the  Brazilian  ores  are  in  a  region  where  there  is  no  coal 
suitable  for  iron  manufacture,  and  in  a  country  which  has  not  yet  reached 
the  stage  of  development  when  iron  and  steel  in  large  quantities  are  being 
consumed.  These  factors  necessitate  the  exportation  of  the  iron  ores  to 
countries  where  coal  is  abundant  and  where  manufactured  products  of 
iron  and  steel  are  used  in  large  amounts. 

The  absence  of  rich,  extensive  coal  fields  in  South  America  has  been  a 
great  handicap  to  the  development  of  Latin  American  countries.  In  only 
a  few  districts  are  coal  mines  being  operated  to  any  extent.  The  princi- 
pal coal  regions  are  the  sub-bituminous  coal  fields  of  southern  Chile,  the 
sub-bituminous  and  bituminous  coal  basins  of  northern  Peru,  Colombia 
and  Venezuela,  and  the  bituminous  coal  district  of  southern  Brazil.  The 
latter  is  the  only  coal  region  within  reasonable  distance  of  the  iron-ore 
district  and,  unfortunately,  the  coal  is  rich  in  pjrrite.  Frequent  rumors  of 
extensive  coal  beds  in  the  Amazon  valley  have  so  far  not  been  shown  to 
be  well  founded. 

The  past  history  of  the  iron  industry  has  shown  that  wherever  iron-ore 
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fields  have  been  developed  the  movement  of  the  ore  has  been  in  the  direc- 
tion of  the  fuel-producing  centers.  It  is  less  wasteful  to  carry  iron  ore  to 
fuel  than  to  carry  fuel  to  iron  ore,  and  thus  practically  all  of  the  great  iron 
and  steel  manufacturing  centers  of  the  world  have  been  established  in  or 
near  coal  fields.  At  times,  after  years  of  progress,  there  is  a  movement  in 
the  other  direction,  such  as  we  notice  today  in  the  establishment  of  manu- 
facturing plains  in  the  upper  Great  Lakes  region,  but  such  a  movement  is 
usually  more  or  less  artificial  and  does  not  form  part  of  the  natural  course 
of  developmerit  in  any  large  degree. 

The  Brazilian  iron  ores,  by  being  exported,  can  therefore  never 
benefit  Brazil  as  they  would  if  fuel  could  be  brought  to  the  iron-ore 
field.  The  Brazilian  Government  is  much  concerned  about  the  future 
exportation  of  this  great  natural  resource,  but  it  is  now  generally  recog- 
nized that  this  is  inevitable.  Some  years  ago  concessions  were  granted 
giving  large  bonuses  on  manufactured  products  to  persons  who  would 
establish  iron  and  steel  producing  plants  in  Brazil.  In  this  manner  it  was 
hoped  that  a  domestic  iron  industry  might  be  started.  But  no  capital- 
ists have  availed  themselves  of  these  offers,  as  it  is  generally  recognized 
that  an  industry  based  on  such  bonuses  is  purely  artificial.  Perhaps, 
however,  it  may  be  possible  to  operate,  without  loss,  plants  of  sufficient 
capacity  to  supply  the  domestic  needs  if  such  operations  are  linked  with 
the  exportation  of  ores. 

As  the  absence  of  suitable  coal  makes  the  utiUzation  of  the  ores  in 
Brazil  impracticable,  so  the  inaccessibiUty  and  the  transportation  diffi- 
culties have  delayed  their  development  for  export  purposes.  Even  now 
prominent  engineers  do  not  beUeve  that  Brazilian  iron  ores  can  be  landed 
in  Europe  or  on  the  Atlantic  seaboard  of  the  United  States  at  a  profit. 
Most  of  the  engineers  who  have  carefully  studied  the  situation,  however, 
are  confident  that  by  efficient  management  it  can  be  done. 

As  has  been  stated,  English,  American,  French,  German,  and  Brazil- 
ian capital  is  largely  concerned  in  the  ownership  and  exploitation  of  the 
deposits.  The  English  and  Americans  are  most  heavily  interested  and, 
with  one  or  two  exceptions,  control  all  the  deposits  in  the  upper  Rio  Doce 
basin  which  will  be  tributary  to  the  new  Victoria  a'Minas  Railroad.  The 
Germans  own  two  or  three  deposits  in  the  Rio  Sfto  Francisco  Valley 
tributary  to  the  Central  of  Brazil  Railway.  French  and  BraziUans 
own  scattered  deposits. 

The  Central  of  Brazil  Railway  is  hardly  capable  of  handling  the  man- 
ganese-ore traffic  at  the  present  time,  amounting  to  approximately  500,000 
tons  annually.  That  it  will  be  able  to  haul  iron  ore  in  any  considerable 
quantity,  besides  the  manganese  ore,  does  not  seem  possible.  The  only 
ore  which  will  therefore  come  out  of  Brazil  for  many  years  to  come  is  the 
English,  American,  and  perhaps  some  of  the  French  ore,  and  this  ore  will 
probably  go  largely  to  English  markets  to  replace  the  gradually  decreas- 
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ing  imports  of  Spanish  and  other  high-grade  iron  ores.  The  English 
process  of  steel  manufacture  demands  an  ore  low  in  phosphorus. 

In  the  United  States,  in  recent  years,  the  basic  open-hearth  process  of 
steel  manufacture  has  rapidly  increased  in  importance  over  the  acid 
Bessemer  process,  making  it  possible  for  American  furnaces  to  utilize 
increasingly  larger  quantities  of  ores  moderately  high  in  phosphorus. 
German  steel  works,  by  using  the  basic  Bessemer  process,  have  been  able 
also  to  utilize  high-phosphorus  ores;  in  fact,  a  premium  is  paid  in  Germany 
for  ores  containing  1  per  cent,  and  over  of  phosphorus.  In  both  United 
States  and  Gern\any,  however,  there  is  a  strong  demand  for  the  cheaply 
smelted  low-phosphorus  ores.  In  England,  acid  Bessemer  furnaces  have 
long  been  used  more  largely  than  basic  furnaces  and  as  the  supply  of 
Bessemer  ores  in  Europe  is  gradually  decreasing  English  furnace  practice 
will  have  to  change  unless  another  source  of  ore  low  in  phosphorus  is 
found. 

England  has  imported  annually,  during  the  last  few  years,  about 
4,500,000  tons  of  iron  ore  from  Spain,  about  1,000,000  tons  from  northern 
Africa,  and  about  800,000  tons  from  Scandinavia.  It  is  hoped  that  the 
Brazilian  output  may  eventually  reach  10,000,000  tons  annually,  which 
will  be  sufficient  to  supply  England's  demands  for  foreign  ores  and  leave  a 
surplus  for  the  United  States  and  for  other  countries. 

In  the  United  States,  the  Brazilian  ores  will  probably  be  found  to  bo 
very  desirable  for  mixing  with  low-grade  ores  and  more  refractory  ores  in 
the  furnace.  They  will  doubtless  also  be  used  in  the  Bessemer  process  to 
replace  the  gradually  decreasing  supply  of  domestic  Bessemer  ores.  At 
the  eastern  seaboard  furnaces  they  will  compete  with  imported  Cuban, 
Chilean  and  European  iron  ores. 

The  great  fleet  of  vessels  that  will  be  necessary  to  carry  the  Brazilian 
iron  ore  to  the  United  States  and  to  Europe  will  be  used  to  carry  return 
cargoes  to  Brazil.  This  will  offer  cheap  transportation  for  such  products 
as  coal,  iron  and  steel,  manufactured  articles,  and  cement.  It  will  aid 
greatly  in  the  industrial  development  of  that  country  and  perhaps  even- 
tually it  may  be  possible  to  operate  small  iron  and  steel  plants  in  Brazil 
to  supply  the  domestic  needs  of  iron  and  steel  products. 

SCANDINAVU 

By  Waldemar  Lindgren 

Scandinavian  countries  have  long  been  known  for  their  supply  of 
iron  ores,  and  Sweden  more  particularly  has  been  renowned  for  a  long  time 
for  the  purity  and  excellence  of  its  iron.  I  will  discuss  the  Swedish 
iron  ores  first,  referring  first  to  the  southern  part  of  the  country,  and  then 
to  the  northern  part. 

The  southern  central  part  of  Sweden  is  the  land  of  the  old  iron  mines, 
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which  for  hundreds  of  years  have  furnished  a  most  excellent  ore,  being 
extremely  low  in  sulphur  and  phosphorus.  There  are  a  great  number  of 
mines  there,  the  old  celebrated  mines  of  Dannemora,  Persberg,  and  a 
number  of  others.  They  all  lie  in  one  district  extending  from  east  to  west 
across  the  country  at  about  the  latitude  of  Stockholm.  The  high-grade 
ores,  generally  magnetites,  occur  in  a  great  number  of  deposits,  but  the 
resources  are  relatively  small;  the  ore  is  utilized  for  local  smelting  into 
very  high-grade  iron. 

Geologically  considered,  these  deposits  are  of  a  very  interesting  nature. 
They  occur  mainly  as  beds  in  lenses  of  limestone  or  ^olomite,  which, 
again,  are  imbedded  in  dense  schistose  siliceous  rock.  They  are  pre- 
Cambrian  in  age;  most  of  the  deposits  were  formed  by  replacement  in 
limestone  and  dolomite,  at  very  high  temperatures.  The  nearest  analogy 
in  this  country  are  the  contact  metamorphic  deposits  which  we  find  in 
southern  parts  of  the  West.  Along  with  these  ores,  and  imbedded  in 
the  same  gneiss,  are  also  hematites,  in  alternating  layers.  These  have 
never  furnished  any  great  production,  and  probably  never  will;  they  are  of 
importance,  but  not  for  export.  A  great  deal  of  discussion  has  been 
carried  on  regarding  the  origin  of  these  ores*;  at  the  present,  they  are  gen- 
erally considered  as  of  sedimentary  origin,  though  highly  metamorphosed.^ 

In  central  Sweden  there  is  a  third  group,  represented  by  only  two  or 
three  deposits,  comprising  hematite  ores.  The  leading  producer  is 
the  great  Grangesberg  mine  from  which  a  considerable  export  is  now 
carried  on.  These  deposits  contain  considerable  reserves,  perhaps 
100  million  tons.  These  ores  could  not  be  utilized  formerly,  but  lately 
a  railroad  has  been  built  from  the  deposits  down  to  the  Baltic  coast,  and, 
until  a  few  years  ago,  they  were  very  largely  exported  to  Germany.  They 
occur  in  the  same  kind  of  rocks  but  in  a  different  manner,  so  that,  although 
subsequent  metamorphism  has  pretty  thoroughly  veiled  the  original 
sources,  it  is  believed  that  these  ores  are  of  igneous  origin.  They  con- 
tain a  considerable  amount  of  apatite. 

Summing  up  for  the  middle  part  of  Sweden,  we  may  say  that  the  an- 
nual production  amounts  to  perhaps  1,800,000  tons,  but  much  of  this 
comes  from  Grangesberg.  This  is  not  a  big  production  and  it  is  very 
widely  scattered.  The  total  reserves  are  not  very  large,  either;  they 
have  been  calculated  at  122,000,000  tons,  of  which  a  large  proportion  be- 
longs to  the  Grangesberg  deposit. 

Still  another  place  should  be  mentioned:  the  old  locality  of  Taberg, 
which  has  great  geological  and  possibly  economical  interest.  It  is  an  enor- 
mous mass  of  diabase  in  which  magnetite  is  contained.  It  forms  a  knob 
sticking  up  to  a  height  of  about  300  ft.  and  is  visible  for  a  long  distance  from 


^  H.  Sjdgren :  The  Geological  Relations^  of  the  Scandinavian  Iron  Ores.     Trans. 
(1907),  88,  766 
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the  surrounding  lower  country.  Unfortunately,  the  ore  contains  a  few  per. 
cent,  of  titanium,  which  has  interfered  with  its  utilization,  and  at  present 
it  is  not  used.  Little  furnaces  were  there,  however,  as  much  as  a  hundred 
years  ago.  The  celebrated  chemist  Sefstrom  discovered  vanadium 
in  those  iron  ores.  The  percentage  of  titanium  is  not  excessive  and  it  is 
believed  that  the  material  can  be  concentrated  and  worked.  That 
reserve,  which  amounts  to  a  great  many  million  tons,  is  included  in  the 
total  given  above.  For  the  world  as  a  whole,  this  deposit  presents  no 
particular  interest. 

It  is  altogether  different  with  respect  to  the  iron  ores  in  the  northern 
part  of  Lapland,  north  of  the  Arctic  Circle.  Here,  too,  the  iron  ores  are 
contained  in  old  pre-Cambrian  rocks,  but  their  relations  are  not  so 
obscured  by  metamorphism  as  in  the  iron  ores  of  southern  Sweden,  and 
their  mode  of  origin  can  be  more  easily  interpreted.  These  iron  ores  are 
of  the  greatest  importance  and  contain  reserves  or  developed  ore  to  enor- 
mous extent.  Altogether  these  deposits  comprise  some  10  or  15  different 
localities. 

.  The  first  is  the  celebrated  Kiirunavaara  deposits,  forming  a  mountain 
of  iron  ore  which  rises  to  a  height  of  about  300  ft.  above  the  lake,  of  the 
same  name.  The  second  is  the  deposit  at  Gellivare,  which  lies  about 
50  miles  further  south,  about  on  the  Arctic  Circle;  this  is  also  of  great 
size.  Then  there  are  about  ten  other  places,  many  of  them  containing 
developed  iron  ores  to  the  amount  of  10  or  20  or  50  million  tons.  Al- 
together the  iron-ore  resources  of  Lapland  are  calculated  at  1,150,000,000 
metric  tons;  of  this  amount,  something  like  750,000,000  tons  is  credited  to 
Kiirunavaara^  about  250,000,000  tons  to  Gellivare,  and  the  rest  of  it  is 
divided  among  the  other  minor  deposits.  A  characteristic  of  all  of  these 
iron  ores  is  that  they  are  rich  in  phosphorus.  They  all  contain  apatite, 
sometimes  in  very  beautiful  crystals.  At  Kiirunavaara  the  apatite  is 
widely  scattered  through  the  ore,  but  is  quite  inconspicuous  in  form. 

At  Kiirunavaara'  is  a  mass  of  practically  pure  magnetite,  mixed  with 
some  apatite,  which  is  exposed  continuously  from  north  to  south  for  4  km., 
rising  about  300  ft.  above  the  lake.  Th^  orebody  has  been  bored  to 
a  depth  of  at  least  300  m.  below  the  lake,  and  contains,  above  the  lake, 
something  like  215,000,000  tons  and  below  the  lake  about  500,000,000 
tons.  Apparently  the  deposit  does  not  contract  or  pinch  out  in  that 
depth.  Extensive  magnetic  observations  have  been  made,  which  seem 
to  show  that  the  center  of  the  body  lies  at  a  depth  of  about  1000  m.  below 
the  surface  so  there  seems  to  be  considerably  more  magnetite  than  is  con- 
tained in  the  prisms  calculated  to  a  depth  of  300  m.  This  plate  of  mag- 
netite lies  between  two  sheets  of  igneous  rocks,  both  referred  to  as  syenite. 


*8ee  "Iron  Ore  Resources  of  the  World,"  XI  International  Geological  Congress 
Stockholm,  1910,  2,  558. 
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The  mode  of  origin  of  the  iron  ore  has  been  the  subject  of  a  great 
deal  of  discussion.  At  present,  most  geologists  consider  it  to  be  a  dike, 
developed  from  a  magma  which  rested  far  below  the  surface,  and  there 
had  time  to  differentiate  into  an  iron-rich  and  an  iron-poor  part;  the  iron- 
rich  part  was  then  forced  up  between  these  sheets  of  syenite  porphyry 
and  formed  this  great  ridge  now  standing  up  above  the  surrounding 
country.  The  ores  differ  in  their  phosphorus  contents;  a  little  of  it  is 
of  Bessemer  grade  (0.05  per  cent,  phosphorus),  but  the  bulk  of  the  ore 
contains  about  58  per  cent,  of  iron  and  from  1.5  to  3  per  cent,  of  phos- 
phorus, as  apatite.  There  are  no  other  minerals  present.  The  richest 
ores  run  about  68  per  cent,  in  metallic  iron. 

The  development  of  this  great  deposit  has  been  made  possible  by  a 
railway  which  runs  down  to  Lulea  o^  the  Baltic  in  the  east,  and  down 
to  Narvik,  one  of  the  Norwegian  fiords,  on  the  west  side.  Immense 
docks  have  been  built  at  both  places,  and  export  was  proceeding  at  an 
intense  rate,  both  to  Germany  and  to  Englarid.  The  last  accounts  indi- 
cate that  the  annual  production  of  iron  ores  in  Sweden  amounts  to 
6  or  7  million  tons,  of  which  the  great  majority,  say  5,000,000  tons,  comes 
from  northern  Sweden,  of  which,  in  normal  times,  perhaps  one-third  went 
to  England  and  two-thirds  went  to  Germany. 

The  second  of  these  great  deposits,  Gellivare,  is  in  many  respects 
similar  to  Kiirunavaara.  It  is  contained  in  rocks  which,  though  of  the 
same  general  kind,  are  yet  different,  inasmuch  as  they  have  been  meta- 
morphosed and  made  schistose.  Gellivare  consists  of  a  series  of  lenses 
of  magnetite  in  schist,  which  has  been  subjected  to  great  pressure.  The 
reserves  are  about  250,000,000  tons  and  the  deposits  are  now  being  worked. 
The  other  deposits  are  of  less  interest;  some  of  them  contain  as  much  as 
50,000,000  tons,  but  they  are  small  compared  to  these  two  giants. 

Mining  was  formerly  conducted  at  both  Kiirunavaara  and  Gellivare 
by  open  cuts,  but  more  recently  they  have  substituted  underground 
work  for  open  cuts  at  Kiirunavaara,  which  were  quite  a  hardship  in  the 
wintry  climate,  and  at  present  most  of  the  working  is  underground;  this 
same  plan  of  operation  was  in.  contemplation  for  Gellivare. 

Passing  over  to  Norway,  until  recently  the  production  of  iron  has  been 
small ;  the  latest  statistics  show  that  only  about  600,000  tons  were  pro- 
duced in  a  year,  but  this  does  not  prove  that  the  resources  are  small. 
In  southern  Norway  there  are  some  deposits  which  correspond  to  those 
of  middle  Sweden,  but  they  are  of  no  international  importance.  In  the 
northern  part  of  Norway  are  three  districts  which  are  of  special  interest, 
and  each  of  them  differs  a  great  deal  from  any  of  those  which  have  yet 
been  mentioned. 

The  first  one  is  located  at  Sydvaranger,  a  part  of  Norway  which  ad- 
joins Finland,  on  one  of  the  fiords  which  extends  to  the  Arctic  Ocean. 
Here  the  rocks  also  are  pre-Cambrian.     The  prevailing  formation  is 
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granite,  but  in  this  are  imbedded,  for  a  distance  of  about  20  km.,  a  great 
number  offenses  of  magnetite.  These  are  peculiar;  they  consist  of  an 
alternation  of  thin  layers  of  quartzose  gangue  and  magnetite,  which  have 
been  folded  and  compressed  to  a  most  extraordinary  degree.  Here,  also, 
the  geologists  have  differed  considerably;  some  consider  these  magnetites 
to  be  of  magmatic  origin,  but  I  think  they  were  probably  originally  in  a  sedi- 
mentary formation  which  has  been  surrounded  by  granite  and  gradually 
metamorphosed.  The  ores  are  low-grade,  but  there  are  about  100,000,- 
000  tons  available,  and  it  is  probable  that  they  will  be  able  to  concentrate 
this  material  by  magnetic  processes;  in  fact,  1  have  reason  to  believe  that 
the  last  production  from  Norway,  about  600,000  tons,  was  largely  ob- 
tained by  that  method.  The  mining  practice  is  to  take  the  35-per  cent, 
ores  by  open  cuts,  and  to  mine  underground  those  parts  which  contain 
50-per  cent,  iron,  which  will  amount  to  about  15,000,000  tons. 

To  the  south  or  southwest  of  Sydvaranger,  on  the  Lofoten  Islands, 
are  a  number  of  hills  that  jut  out  from  the  coast  of  Norway,  and  a  great 
many  deposits  are  found  very  similar  to  those  that  I  have  just  described, 
but  none  of  them  is  of  very  great  importance. 

The  last  of  the  important  deposits  of  Scandinavia  are  those  of  Dunder- 
landstal;  this  is  one  of  the  fiords  that  cut  into  the  coast  of  Norway. 
Here  we  have  about  150,000,000  tons  of  iron  ore  available  by  open-cut 
workings.  They  probably  will  not  average  more  than  35  per  cent,  iron, 
and  as  the  ore  contains  hematite,  a  great  deal  of  capital  has  been  sunk 
on  experiments  to  discover  a  method  of  concentration.  Of  the  quantity 
available  there  can  be  no  doubt. 

The  Dunderlandstal  hematite  ores  are  of  sedimentary  origin,  of  Cam? 
brian  age,  and  are  younger  than  any  of  the  previously  described  deposits. 
They  consist  of  well  defined  beds  imbedded  in  limestone  and  somewhat 
metamorphosed  sandstone. 

In  conclusion,  I  repeat  that  the  total  prospective  iron-ore  supply  of 
Norway  is  about  218,000,000  tons,  and  that  of  Lapland  1,200,000J300 
tons.  The  most  important  Scandinavian  deposits,  therefore,  are  Gelli- 
vare  and  Kiininavaara,  in  Sweden. 

CUBA 

By  C.  M.  Weld 

Cuba,  with  its  3,000,000,000  tons  of  iron  ore,  holds  a  very  important 
place  in  the  world's  iron-ore  resources.  Nearly  90  per  cent  of  this  enor- 
mous tonnage  is  comprised  by  the  soft  ores  of  the  north  coast  of  Oriente 
Province.'  There  are  less  important  areas  of  soft  ores  in  Camaguey 
Province  and  in  Pinar  del  Rio,  while  the  reserves  of  hard  ore  found  on  the 
south  coast  of  Oriente  are  estimated  to  be  only  about  5,000,000  tons. 
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Occurrence  and  Extent  of  Ore  ^ 

The  broad  mountainous  belt  of  country  which  follows  the  north  coast 
of  Oriente  from  Nipe  Bay  to  Baracoa  is  underlain  by  serpentine,  with  an 
occasional  coastal  fringe  of  limestone.  Lateritic  weathering  of  the  serpen- 
tine has  produced  very  extensive  surface  blankets  of  residual  iron  ore. 
The  direct  derivation  of  this  ore  out  of  the  serpentine  has  been  repeatedly 
described'  and  need  not  be  further  discussed  here. 

Tremendous  as  these  blankets  appear  to  be  in  horizontal  extent, 
they  do  not  in  fact  cover  more  than  a  small  proportion,  much  less  than 
10  per  cent,  of  the  entire  serpentine  area.  They  have  been  allowed  to 
accumulate  here  and  there  on  more  or  less  flat  or  gently  sloping  table- 
lands; elsewhere  erosion  has  removed  them  as  fast  as  they  have  been 
formed. 

There  are  three  localities  where  the  topographic  conditions  have  per- 
mitted very  extensive  accumulations  of  ore.  These  have  been  recognized 
as  so-called  iron-ore  districts  and  have  been  named,  from  west  to  east, 
the  Mayari,  the  Levisa,  and  the  Moa  fields.  .  In  my  paper  of  some  years 
ago^  I  distinguished  also  the  Taco  and  Navas  fields,  but  I  now  include 
these  two  in  the  Moa  field.  Between  these  fields  there  are  immense 
stretches  of  barren  serpentine,  with  occasional  eaitos  or  islands  of  ore 
having  little  importance.. 

The  ore  blankets  sometimes  extend  horizontally  for  several  miles 
without  a  break.  In  thickness  they  vary  from  a  foot  or  less  up  to  60  or 
70  ft.;  one  drill  hole  was  over  100  ft.  deep  in  ore  before  reaching  the 
underlying  serpentine.  The  average  depth  is  from  15  to  25  ft.;  there  is 
absolutely  no  cover.  While  the  ores  naturally  vary  greatly  from  place 
to  place,  owing  not  only  to  their  degree  of  laterization  but  also  to  the 
nature  of  the  immediately  underlying  parent  rock  from  which  they  have 
been  derived,  they  all  show  essentially  the  same  characteristics.  These 
are,  more  particularly,  high  contents  of  both  hygroscopic  and  combined 
water,  high  alumina,  and  persistent  contents  of  nickel  and  chromium. 
The  nickel  is  always  at  least  from  0.5  to  1  per  cent,  and  may  rise  as  high 
as  1.5  per  cent.  The  chromium  hovers  with  equal  persistence  around 
1.5  per  cent.  Iron,  silica,  and  alumina  vary  between  wide  limits.  In 
what  is  generally  ranked  as  ore,  the  iron  (sample  dried  at  212°  F.)  will  run 
from  40  to  50  per  cent.,  averaging  about  46  per  cent.;  alumina,  from  6  to 
14  per  cent.;  and  silica  from  2  to  6  per  cent.  Phosphorus  is  always  well 
below  the  Bessemer  limit,  and  sulphur  is  negligible. 

The  Mayari  field  lies  15  miles  south  of  Nipe  Bay.     Nearly  40,000 


'  See  BuUetin  No.  135  (March,  1918)  670,  for  discussion  of  this  subject,  and  a 
bibliography  of  other  papers  relating  to  Cuban  iron  ores. 
*  Trans.  (1909)  40,  299-312. 


C.   M.   WELD  1481 

acres  have  been  taken  up,  all  by  the  Spanish-American  Iron  Co.,  a  si;b- 
sidiary.of  the  Pennsylvania  Steel  Co.,  and  therefore  now  owned  by  the 
Bethlehem  Steel  Co.  These  40,000  acres  are  estimated  to  contain  600,- 
000,000  tons  of  ore,  of  which  about  530,000,000  carry  over  40  per  cent, 
metallic  iron.  This  field  is  the  only  one  that  has  been  operated.  I  will 
return  to  it  shortly. 

The  Levisa  field  lies  some  1 5  miles  east  of  the  Mayari  field  and  from  5 
to  10  miles  south  of  an  excellent  deep-water  harbor  known  as  Levisa  Bay. 
The  Guantanamo  Exploration  Co.  holds  all  the  ore-bearing  areas  of  im- 
portance on  this  field,  its  estimated  tonnage  being  about  75,000,000 
averaging  over  45  per  cent.  iron. 

The  Moa  field  is  by  far  the  largest  of  the  three.  It  lies  immediately 
south  of  the  splendid  harbor  of  Moa  Bay,  the  ore  at  many  places  extend- 
ing to  the  water's  edge.  The  field  stretches  12  to  15  miles  inland,  and 
possibly  30  miles  from  west  to  east.  It  lies  roughly  50  miles  east  from 
Nipe  Bay. 

It  is  not  to  be  understood  that  this  entire  area  of  some  400  square 
miles  is  covered  by  iron  ore,  although  well  over  half  of  it  is  actually  under 
denouncement.  The  mining  claims,  however,  include  a  great  deal  of 
barren  territory.  They  also  include  large  areas  of  very  lean  ore,  locally 
called  salmon  ore  on  account  of  its  pink  color,  which  runs  only  about  30 
per  cent,  in  iron. 

There  are  five  large  interests  on  the  Moa  field  and  a  number  of  small 
isolated  holdings.  The  following  summary  of  their  estimated  respective 
reserves  is  compiled  from  several  sources : 

1.  The  Bethlehem  Steel  Co.,  which  includes  the  Spanisn-American 
Iron  Co.  and  the  Bethlehem  Mines  Co.,  holds  78,500  acres,  containing 
1,170,000,000  tons  of  ore. 

2.  The  Mid  vale  Steel  Co.,  by  virtue  of  its  ownership  of  the  Buena 
Vista  Iron  Co.,  holds  19,840  acres,  containing  300,000,000  tons  of  ore. 

3.  The  Guantanamo  Exploration  Co.  holds  7152  acres,  containing 
155,000,000  tons  of  ore. 

4.  The  United  States  Steel  Corporation  holds  15,000  acres,  estimated 
to  contain  210,000,000  tons. 

5.  The  Eastern  Steel  Co.  owns  10,188  acres,  estimated  to  contain  50,- 
000,000  tons;  and  various  individuals  hold  some  50,000  acres,  containing 
probably  about  100,000,000  tons  of  merchantable  ore. 

This  makes  a  grand  total  of  1,985,000,000  tons  of  ore  for  the  Moa 
Bay  field.  I  have  mentioned  that  these  mines  in  some  cases  include  a 
great  deal  of  lean  ore  which  would  not  be  classed  as  over  40  per  cent.  Of 
this  nearly  2,000,000,000  tons  I  estimate  that  there  are  about  1,572,000,- 
000  tons  which  would  run  over  40  per  cent.  If  we  add  the  three  places 
together,  Moa,  Levisa  and  Mayari,  we  find  a  total,  in  Oriente  Province,  of 
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approximately  2}4  billion  tons  of  all  ores  and  about  2,000,000,000  tons  of 
ore  exceeding  40  per  cent.  iron. 

I  have  referred  to  other  areas  of  these  ores  in  Camaguey  and  Pinar 
del  Rio  Provinces.  The  ores  of  these  two  provinces  resemble,  in  all  their 
essential  characteristics,  the  Oriente  soft  ores.  Of  the  Camaguey  (San 
Felipe)  ores  there  are  estimated  to  be  400,000,000  tons  with  40  per  cent, 
metallic  and  60,000,000  tons  with  45  per  cent,  metallic  iron.  The  Pinar 
del  Rio  field  contains  about  40,000,000  tons  of  ore  which  will  probably 
average  slightly  over  40  per  cent,  metallic  iron. 

The  grand  total  for  the  Island  of  Cuba  thereby  becomes  3,000,000,000 
tons  of  all  ores,  of  which  approximately  23^^  billion  tons  exceed  40  per  cent, 
of  metallic  iron  (dry  basis).  The  total  tonnage  in  its  undried  condition 
carries  about  33  per  cent,  metallic  iron.  We  may  therefore  say  that 
Cuba's  iron-ore  resources  represent  1 ,000,000,000  tons  of  metallic  iron. 

These  are  enormous  figures  and  very  naturally  doubt  at  once  enters 
one's  mind  regarding  their  reliability.  The  answer  must  be  that  the 
estimates  are  based  on  abundant  prospecting,  including  thousands  of 
drill  holes  and  many  more  thousands  of  samples.  I  have  explained  that 
the  ores  lie  as  a  surface  blanket  with  absolutely  no  cover.  The  horizontal 
measurements  are  therefore  easily  determined;  and  the  depth  and  quality 
are  determined  by  a  very  simple  method  of  drilling.  Wherever  areas, 
previously  estimated,  have  been  re-checked  by  close  drilling  or  by  actual 
mining,  the  reliability  of  the  prospecting  has  been  amply  confirmed. 
The  drilling  is  done  with  hand  augers,  at  a  cost  of  from  2  to  2.5  c.  per  foot. 
A  party  of  three  men  will  progress  at  the  rate  of  about  30  ft.  per  hour  with 
average  conditions. 

Mining  and  Marketing 

Since  mining  operations  have  been  conducted  only  at  Mayari,  that 
field  must  furnish  us  with  our  information. 

It  will  readily  be  appreciated  that  these  soft  clay-like  ores  offer  an 
ideal  subject  for  machine  mining.  The  Spanish-American  Iron  Co. 
is  now  using  Bucyrus  drag-Une  excavators  with  3-yd.  buckets  and  70-ft. 
booms.  These  machines,  working  continuously,  can  load  fourteen  50-ton 
cars  per  hour.  Needless  to  say,  this  capacity  is  never  actually  reached  in 
practice,  but  the  actual  digging  costs  are  very  low.  It  seems  not  impos- 
sible that  still  better  might  be  done,  and  at  the  same  time  some  inherent 
difficulties  of  transportation  eliminated,  by  hydraulicking  these  ores. 
I  have  myself  made  some  preliminary  small-scale  tests  in  this  direction, 
which  have  given  promise. 

I  have  spoken  ot  the  large  content  of  water  which  is  typical  of  these 
ores.  The  hygroscopic  water  amounts  to  from  20  to  30  per  cent.,  gener- 
ally about  25  per  cent.,  and  the  combined  water,  at  212°  F.,  is  about  13 
per  cent.     The  total  water  is  therefore  about  35  per  cent.,  or  over  one- 


C.   M.   WELD  1483 

thirdthe  weight  of  the  ore  in  the  ground.  It  is,  of  course,  highly  desir- 
able to  eliminate  this  water  before  shipping.  For  this  purpose,  and  also 
to  improve  the  physical  condition  of  the  ore  so  as  to  minimize  dust  losses 
in  the  blast-furnace,  the  Spanish-American  Iron  Co.  adopted  nodulizing 
kilns  of  large  dimensions,  resembling  cement  kilns.  Since  that  time, 
very  successful  nodulizing  or  sintering  tests  have  been  carried  out,  both 
with  Greenawalt  and  Dwight-Lloyd  machines,  and  it  seems  not  improb- 
able that  considerable  economies  might  result  by  using  a  sintering  ma- 
chine rather  than  a  nodulizing  kiln. 

The  present  practice  at  Mayari  is  to  produce  nodules  with  90  per  cent. 
on  10  mesh.  The  composition  of  these  nodules  averages  about  as  follows: 
iron,  55  per  cent.;  silica,  about  4.5;  alumina,  about  13;  chromium,  about 
2;  nickel,  about  1  per  cent.  Phosphorus  is  way  below  the  Bessemer 
limit  and  sulphur  is  practically  negligible. 

Up  to  1917,  about  2)^^  million  tons  of  nodules  had  been  produced  and 
shipped  to  Sparrows  Point;  th's  represented  7  years'  operation.  The 
maximum  output  was  in  1913,  when  491,713  tons  were  shipped.  The 
present  maximum  capacity  of  the  plant  is  about  500,000  tons  yearly. 
Since  1913,  however,  bad  times  and  more  recently  lack  of  ships  have 
restricted  the  output.  Before  the  war,  sea-freight  cost  85  c.  per  ton, 
including  stevedore  charges. 

As  to  costs,  1  may  quote  Mr.  Rand's  testimony  given  in  the  Steel 
Corporation:  suit.  His  statement  was  that,  with  Mayari  working  to  ca- 
pacity, the  nodules  could  be  delivered  on  Atlantic  seaboard  for  less  than 
5c.  per  unit;  which  may  be  assumed  to  be  about  $2.50  per  ton.  This,  of 
course,  was  several  years  ago,  and  labor  costs  have  risen  in  Cuba  as  well 
as  elsewhere.  The  rise  in  the  cost  of  fuel  would  also  have  to  be  con- 
.sidered  in  any  estimate  of  today's  probable  costs.  Sea-freights  consti- 
tute a  problem  in  themselves. 

Metallurgical  Practice 

The  metallurgist  who  is  not  familiar  with  what  has  actually  been 
done  with  these  ores  might  look  askance  at  the  high  alumina  and  the 
chromium.  On  the  other  hand,  he  would  no  doubt  readily  admit  the 
peculiar  values  which  the  nickel-  and  chromium  would  give  to  the  steel 
made  from  them. 

The  2,500,000  tons  of  nodules  which  have  been  shipped  to  this 
country  have  all  been  smelted  and  converted  into  iron  and  steel,  chiefly 
at  Sparrows  Point,  but  also  to  some  extent  at  Steelton.  That  entire 
success  had  been  attained  with  them  was  shown  by  Richard  V.  McKay* 
some  3}'^  years  ago.  At  that  time  he  recorded  that  a  mixture  containing 
a  little  over  60  per  cent,  of  Mayari  nodules  was  being  smelted  on  a  fuel 


*  Year  Book  of  the  American  Iron  and  Steel  Institute  (1914),  85. 
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ratio  of  practically  1  to  1,  and  he  had  nothing  but  praise  for  the  slag. 
Continuous  runs  have  been  made  for  months  with  100  per  cent.  Mayan 
ore.  / 

The  resulting  pig  iron  is  very  similar  to  spiegel  in  appearance,  show- 
ing a  white  crystalline  fracture  with  no  grain.  A  peculiar  feature  is  the 
high  amount  of  combined  and  the  low  amount  of  graphitic  carbon.  It 
contains  practically  all  the  nickel  and  most  of  the  chromium  in  the  ore, 
low  silicon,  very  low  phosphorus,  and  small  amounts  of  titanium  and 
vanadium.    These  latter  increase  with  the  silicon. 

In  its  natural  condition,  this  pig  is  useful  only  for  steel  making.  It 
has  been  shown,  however,  that  as  a  mix  with  other  irons  it  is  extremely 
useful  for  castings,  improving  the  chill  and  giving  increased  hardness  and 
strength,  while  increasing  only  slightly  the  power  required  to  machine  it. 
With  all  sorts  of  chilled  castings,  particularly  rolls,  guides,  crusher  plates, 
car  wheels,  and  other  products  sAbject  to  hard  wear,  mixtures  including 
from  15  to  40  per  cent.  Mayari  pig  have  given  tremendously  increased 
service. 

Mayari  Steel 

In  making  steel  with  Mayari  pig,  the  duplex  process  is  used.  This 
process  as  carried  out  at  Sparrows  Point  has  been  fully  described  by  F.  F. 
Lines.*  It  will  be  enough  to  say  here  that  the  results  have  been  entirely 
satisfactory.  A  large  part  of  the  chrome  is  slagged  off  and  a  steel  of 
superior  quality  is* produced,  containing  from  1  to  1.6  per  cent,  of  nickel, 
and  from  0.2  to  0.7  per  cent,  chromium,  as  desired.  Sulphur  and  phos- 
phorus are  below  0.04  per  cent.  This  steel  may  be  forged,  rolled,  and 
machined  as  easily  as  carbon  steel,  and  has  from  8000  to  10,000  lb.  per 
sq.  in.  higher  tensile  strength  and  elastic  limit.  Mayari  rails  have  been, 
tested  in  positions  where  the  service  was  particularly  hard  and  have  given 
excellent  results. 

In  Paper  No.  108  of  the  International  Engineering  Congress  of  1915, 
there  is  an  interesting  discussion  of  the  use  of  Mayari  steel  in  the  Mem- 
phis bridge.  A  series  of  tests  is  given  showing  an  elastic  limit  for  large- 
size  angles  of  59,000  lb.  and  a  tensile  strength  of  94,500  lb.  per  sq.  in. 
Elongation  and  reduction  of  area  also  generously  exceeded  the  specifica- 
tions, which  were  1,600,000  -h  T.S.  for  the  former,  and  30  per  cent,  for 
the  latter. 

But  Mayari  steel  shows  its  excellent  qualities  more  particularly  when 
heat-treated.  By  simple  quenching  in  oil,  track  bolts  are  made  with  a 
tensile  strength  of  100,000  lb.  For  eye-bars,  springs,  crank-shafts,  and 
all  sorts  of  automobile  parts,  this  steel  is  particularly  useful.  Being  a 
natural  alloy,  there  is  not  the  same  degree  of  segregation  as  when  nickel 
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or  other  constituents  are  artificially  added.  S.  W.  Parker  has  published^ 
an  interesting  comparison  between  heat-treated  Mayari  and  3.5-per  cent, 
nickel  steels,  which  is  most  favorable  to  Mayari  steel.  He  finds  that  the 
one  may  generally  be  substituted  for  the  other. 

In  closing,  I  may  emphasize  the  peculiarly  excellent  qualities  of  the 
materials  which  may  be  produced  out  of  these  Cuban  soft  ores,  of  which 
there  are  such  enormous  reserves.  Mayari  has  but  served  as  an  example. 
The  other  fields  will  give  exactly  the  same  results.  The  ores  themselves 
can  be  cheaply  produced  and  offer  no  metallurgical  difficulties  which  have 
not  long  been  overcome  in  actual  practice.  When  the  world's  shipping 
problem  has  once  more  been  settled,  these  Cuban  ores  will  be  among  the 
most  available  iron  resources  of  the  several  countries  bordering  on  the 
Atlantic  Ocean,  including  the  United  States. 

SOUTHERN  EUROPE 
By  A.  C.  Spencer 

In  presenting  a  rude  picture  of  the  iron-ore  reserves  of  the  region 
surrounding  the  Mediterranean,  I  will  not  touch  on  the  Lorraine  problem, 
but  will  include  the  remainder  of  France.  The  International  Geological 
Congress,  in  J  910,  gives  as  an  estimate  of  the  iron  ores  in  France  3,300,000,- 
000  tons,  of  which  3,000,000,000  are  assigned  to  French  Lorraine,  leaving 
300,000,000  for  the  remainder  of  France.  Since  those  estimates  were 
made,  geologists  and  engineers  have  been  searching  France  with  more  or 
less  care,  and  other  estimates  have  been  made — how  reliable  I  am  not 
able  to  judge.  Recently,  in  one  of  our  technical  papers,  I  noticed  that 
a  German  iron  master,  in  addressing  a  meeting  of  colleagues,  made  a 
statement  which,  to  use  my  own  words,  was  to  the  effect  that  France  was 
a  dog  in  the  manger,  as  she  had  10,000,000,000  tons  of  iron  ore  at  her 
command,  including  those  of  the  home  country  and  of  the  colonies, 
whereas  Germany  had  but  3,000,000,000;  hence  France  was  standing  in 
the  way  of  Germany  in  refusing  willingly  to  give  up  the  3,000,000,000 
tons  of  ore  in  French  Lorraine,  which  would  give  Germany  only  6,000,- 
000,000  and  still  leave  France  7,000,000,000.  The  conclusion  was  that' 
it  would  be  only  fair  for  France  to  divide  up.  Presumably,  in  those 
circumstances,  a  country  with  which  we  are  at  war  would  be  inclined  to 
exaggerate,  so  I  suspect  he  has  combined  estimates  of  French  engineers 
and  German  engineers  with  exaggeration  enough  to  indicate  that  France 
is  playing  a  mean  part. 

Let  us  scale  down  that  estimate  and  allow  that,  outside  of  French 
Lorraine,  France  and  her  colonies  may  have  2,500,000,000  tons  of  iron 
ore,  and  it  is  perhaps  within  the  realm  of  possibilities.     The  new  ore 
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reserves,  now  partly  developed,  are  in  Normandy  and  Brittany.  They 
consist  of  bedded  iron  ores  of  moderate  grade,  and  rather  siliceous.  The 
most  extensive  development  took  place  just  prior  to  the  war,  largely  under 
the  influence  of  the  German  iron  masters  of  Westphalia.  Aside  from  that, 
iron  ore  on  a  small  scale  has  been  mined  in  nearly  every  department  of 
France.  They  are  scattered  about  the  plateau  of  France  and  in  the  foot- 
hills of  the  Pyrenees  and  the  Jura  Mountain^. 

As  we  approach  the  Pyrenees  we  find  a  different  type  of  ore,  namely 
those  occurring  in  veins  and  in  many  places  as  replacements  of  limestone. 
At  the  surface  the  ores  are  limonite,  but  as  depth  is  gained  they  grade  into 
carbonate  or  a  mixture  of  limonite  and  hematite.  It  appears  that 
ores  of  this  class  may  have  more  industrial  importance  than  they 
have  been  assigned  in  the  inventory  of  the  iron  resources  of 
the  world.  They  range  along  the  slope  of  the  Pyrenees  and  extend 
into  Northern  Piedmont.  If  we  go  to  the  west  face  of  the  Jura 
Mountains,  we  find  deposits  of  rather  low^rade  surface  ores,  and  moderate 
deposits  of  metamorphosed  sedimentary  ores,  the  latter  occurring  also 
in  Switzerland. 

In  Spain,  in  the  Pyrenees,  there  are  iron  oresof  two  types;  me tamorphic 
ores  in  limestone  near  igneous  intrusions,  and  the  carbonate  type  carry- 
ing pyiite  and  other  sulphides  in  minor  amounts.  In  Spain,  the  ores 
that  have  been  inventoried  comprise  the  deposits  adjacent  to  the  Bay  of 
Biscay,  which  have  produced  the  largest  amount  of  iron  ore  up  to  the 
present  time,  if  I  remember  correctly,  an  aggregate  of  some  25,000,000 
tons.  The  maximum  annual  production  of  Spain  in  1913  was  nearly  10,- 
000,000  tons.  Elsewhere  in  the  Pyrenees  there  has  been  an  aggregate 
production,  including  the  total  of  Spain,  of  somewhere  around  33,000,000 
tons  of  iron  ore — not  a  very  large  amount.  The  reserves  were  estimated 
in  1910,  together  with  18,000,000  assigned  to  Portugal,  at  above  700- 
000,000  tons,  so  that  to  Spain  we  can  hardly  look  for  a  long  supply  of  the 
high-grade  iron  ores  which  has  made  Spain  a  principal  contributor,  on  the 
one  hand  to  Great  Britain,  whose  Bessemer  steel  industry  she  has  largely 
supported,  and  on  the  other  hand  to  Germany,  to  whom  she  has  furnished 
a  very  large  part  of  such  low-phosphorus  iron  ore  as  she  has  required. 

Considered  with  reference  to  the  world's  supply,  the  iron  resources  of 
Italy  are  almost  negligible.  In  the  center  of  Italy  are  widely  separated 
deposits.  Then  in  Northwestern  Italy,  in  the  Aosta  district,  there  are 
magnetite  deposits  of  a  considerable  size,  of  about  equal  importance  with 
those  of  Elba,  which  thus  far  have  been  the  only  deposits  to  be  worked 
on  a  large  scale.  These  are  ores  of  direct  igneous  origin.  Then  in  Lom- 
bardy  there  are  some  deposits  of  a  sedimentary  nature,  but  from  the 
world's  standpoint  we  can  ignore  them.  Italy  has  neither  fuel  to  meet 
the  requirements  of  the  blast  furnace  nor  iron  ores  to  support  a  long-lived 
industry. 
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The  iron  resources  of  Austria-Hungary  are  also  moderate,  being  rated 
at  some  two  or  three  hundred  mOlion  tons  in  the  aggregate.  In  Bosnia 
and  Herzegovina  there  are  small  deposits,  and  presumably  in  Servia 
some  moderate  deposits,  whereas  Greece  has  a  goodly  supply  for  a  small 
country,  stated  at  100,000,000  tons  of  nickeliferous  chromiferous  ores  of 
a  class  very  similar  to  the  Cuban  ores.  In  passing,  it  may  be  said  that 
some  of  the  essential  points  in  the  metallurgy  of  these  chromiferous  ores 
were  worked  out  in  connection  with  the  Grecian  ores.  These  ores  do 
not  occur  as  surface  blankets,  but  I  believe  that  it  is  not  amiss  to  state 
that  they  are  of  precisely  the  same  type  as  those  of  Cuba.  They  have 
been  covered  by  the  limestone  and  sandy  shale,  but  they  were  formed  as  a 
result  of  the  weathering  of  serpentine  rock  precisely  as  in  Cuba  and  in 
various  other  parts  of  the  world. 

This  short  outline  can  now  end  with  a  consideration  of  the  iron  ores  of 
Algeria,  and  Tunis.  All  I  can  say  of  them  is  that  iron  ores  occur  at  vari- 
ous points  along  the  Atlas  Mountains,  and  are  of  various  origins,  largely 
siderite  replacing  limestone  and,  like  the  carbonate  ores  of  France  and 
Spain,  carry  varying  proportions  of  sulphide  minerals.  They  have  been 
rated  at  between  100  and  150  million  tons  of  ores,  averaging  about  50 
per  cent,  iron,  and  in  large  part  of  Bessemer  grade. 

On  the  whole,  it  is  fair  to  say  that,  aside  from  French  Lorraine  and 
parts  of  Brittany  and  Normandy,  the  iron  reserves  of  the  countries  sur- 
rounding the  Mediterranean  do  not  measure  up  to  those  of  the  Lake 
Superior  region  or  those  of  Newfoundland,  Cuba,  or  Brazil. 

CHINA 
By  H.  Foster  Bain 

It  has  been  customary  for  many  years  to  look  upon  China  as  contain- 
ing one  of  the  great  iron-ore  reserves  of  the  world.  This  notion  probably 
came  about  through  the  writings  of  Von  Richthoven,  who,  in  his  journeys 
through  China,  passed  through  many  regions  in  which  iron  was  made; 
particularly  in  Chih-li  he  saw  large  numbers  of  furnaces,  and  excellent 
coal,  and  came  to  the  conclusion  that  that  would  be  one  of  the  great 
iron-ore  districts  of  the  world.  At  the  time  he  went  through  this  country, 
the  world  was  still  using  small  furnaces,  such  as  those  of  which  you  will 
find  ruins  in  the  Mississippi  Valley.  Places  we  have  forgotten  about 
were  running  then,  and  also  small  local  furnaces  were  running  all  over 
Europe,  so  the  conditions  were  such  as  to  give  some  justification  for  the 
opinions  he  gave. 

Recently  the  iron  ores  of  China  have  been  studied  with  considerable 
care  by  the  Japanese,  by  the  Chinese  themselves,  and  by  various  foreign 
engineers,  and  we  can  say  with  some  assurance  that  the  old  idea  of  iron- 
ore  reserves  is  wrong,  that  the  iron-ore  reserves  of  China  are  very  moder- 
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ate  in  comparison  with  the  previous  notions  or  opinions.  In  a  general 
way,  I  may  say  that,  making  full  allowances  for  the  iron  ores  suitable  for 
treatment  by  the  native  methods,  China  still  has  to  be  classed  with  Spain 
rather  than  with  Brazil,  United  States,  or  the  Lorraine  district.  The  best 
estimate  that  I  am  able  to  give  you  for  the  total  of  the  iron-ore  bodies 
which  are  of  such  type,  character,  and  situation  as  to  be  suitable  for 
modern  blast-furnace  work  is  in  the  neighborhood  of  400,000,000  tons. 
V.  K.  Ting,  the  head  of  the  Chinese  Geological  Service  and  a  very 
capable  man,  estimates  the  additional  amount  of  iron  ore  which  may  be 
worked  by  Chinese  local  furnaces  as  300,000,000  tons,  but  for  practical 
purposes  we  are  clearly  safe  in  assuming  that  the  iron  ores  of  China  are  in 
the  neighborhood  of  400,000,000  tons. 

Of  this,  approximately  one-third  was  still  in  the  possession  of  the 
Chinese  Government  last  year;  that  is,  the  title  belonged  to  the  Chinese 
Government,  although  titles  are  in  quite  a  dubious  condition.  The 
Chinese  Government  has  been  attempting  for  some  years  to  reestablish 
its  right  to  the  mineral  under  the  land,  and  it  has  succeeded  fairly  well  so 
far,  at  least,  as  the  big  iron-ore  deposits  are  concerned.  Chinese-owned 
companies  held  something  less  than  one-third,  and  the  Japanese  and 
Sino-Japanese  companies  had  more  than  one-third.  In  the  whole  of 
China  there  was  not  one  single  deposit  that  belonged  to  the  nationals  of 
any  other  country. 

As  to  the  character  of  the  deposits,  five  types  can  be  distinguished. 

1 .  Ancient  banded  deposits.  These  contain  both  hematite  and  mi^ne- 
tite;  they  are  of  uncertain  origin  and  the  grade  is  also  open  to  dispute. 
They  occur  mainly  in  Manchuria,  and  they  are  the  ones  of  which  we  have 
heard  some  very  large  estimates.  Those  estimates  seem  to  include  the 
lean  ore  which  will  have  to  be  concentrated  to  make  it  workable,  and  in 
nearly  every  case  the  actual  amount  of  ore  which  can  be  used  directly  in 
a  furnace  is  relatively  small.  Whether  the  lean  ore  can  be  worked  on  a 
large  scale  and  concentrated  is  a  technical  question  and  such  work  runs 
into  cost  rapidly.  Some  preliiyiinary  tests  of  magnetic  concentration  in 
one  case  did  not  work  out  favorably,  but  others  may  be  more  successful. 

2.  Sedimentary  carbonates  and  hematites,  such  as  are  in  Shan-si. 
This  is  the  type  which  Von  Richthoven  saw.  When  the  Pekin  Syndicate 
studied  the  question  and  W.  H.  Shockley  investigated  the  field,  he  pointed 
out  that  the  individual  masses  of  ore  are  so  small  that  they  are  unfitted  to 
feed  any  modern  furnaces.  The  individual  lenses  are  3  to  6  in.  thick  and 
up  to  16  ft.  in  diameter.  This  does  not  look  very  attractive  to  a  man  who 
owns  a  modern  furnace.  In  Pao-king  and  Hu-nan  they  have  the  same 
type  of  ore  and  some  pig  is  made;  this  is  generally  marketed  in  the  form 
of  castings. 

3.  Sedimentary  Oolites. — One  such  deposit  occurs  in  Chih-li.  These 
ores  are  extensive  and  probably  valuable.     A  second  deposit  is  in  Kiang- 
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si  and  it  is  probably  too  lean;  that  is,  while  there  are  perhaps  30,000,000 
tons  of  ore  in  a  particular  place,  the  bulk  of  it  is  probably  too  lean  to  work. 
The  story  of  genesis  there  seems  to  be  exactly  the  same  as  in  the  Mesabi 
districts  but  the  leaching  and  enriching  has  not  gone  so  far,  so  that  we 
can  hardly  look  for  any  considerable  deposits  of  ore  there. 

4.  The  most  important  is  the  contact  meta^orphic  type  in  the  Yang- 
tze Valley.  In  the  opinion  of  Dr.  J.  G.  Andersson,  these  ores  are  found 
only  around  the  edge  of  lacolites.  The  deposits  vary  considerably  in 
character  and  grade,  and  a  number  of  them  are  workable.  It  is  difficult 
to  make  exact  estimates  of  contact  deposits  without  very  accurate  pros- 
pecting, which  has  not  taken  place. 

5.  Residual  Deposits. — There  are  brown  ores  in  the  Yang-tze  Valley 
and  probably  there  is  a  larger  amount  of  brown  iron  ore  in  the  southern 
part  of  China  than  has  been  appreciated,  but  it  is  very  Ukely  in  small 
scattered  deposits  and  in  conditions  not  very  favorable  for  development. 

I  can  cite  one  or  two  examples  of  the  way  these  estimates  scale  down 
on  examination  in  the  field.  You  have  all  seen  estimates  of  an  iron  de- 
posit of  Fu-kien ;  it  is  usually  given  as  10,000,000  tons  of  iron  ores.  Exami- 
nation of  that  deposit  showed  a  maximum  of  2,000,000  or  2,500,000  tons 
of  ore,  and  that  a  large  amount  of  black  porphyry  had  been  confounded 
with  iron  ore.  There  are  three  recent  estimates  of  the  Tayeh  deposits  (at 
one  time  supposed  to  contain  300,000,000  tons)  which  seem  to  check 
fairly  well  and  indicate  perhaps  30,000,000  to  40,000,000  tons  of  workable 
iron  ore.  The  best  information  seems  to  be  that  there  is  just  about 
enough  iron  ore  there  for  the  company  to  fulfil  its  existing  contracts. 
There  is,  of  course,  the  possibility  of  finding  more,  but  in  contact  beds 
that  is  an  uncertain  resource. 

We  have  had  an  example  in  this  last  year  of  how  important  iron  ore  is 
to  a  nation.  At  the  time  that  the  United  States  went  into  the  war  and 
had  temporarily  to  shut  off  exports  of  steel,  the  Japanese  shipyards  were 
in  very  bad  shape,  because  the  steel  consumption  in  Japan  had  gone  far 
beyond  its  capacity  to  produce,  and  it  was  found  that  if  the  shipyards 
were  to  be  kept  going  it  would  be  necessary  to  cut  off  absolutely  all  other 
use  of  steel,  for  the  maximum  of  their  local  consumption  was  barely 
enough  for  their  shipyards  alone. 

Originally  the  Japanese  and  the  Chinese  had  about  the  same  amount 
of  iron  ore  per  capita,  but  the  Japanese  woke  up  before  the  Chinese  did  and 
they  proceeded  to  acquire  additional  quantities  of  iron  ore.  Japan  had 
been  depending  largely  on  agricultural  resources.  She  has  an  expanding 
population  and  has  not  had  the  same  opportunity  to  spread  out  in  new 
territory  that  we  had  in  our  great  West,  or  as  the  British  had  in  Australia, 
Canada,  and  South  Africa;  hence  the  Japanese  had  found  that  it  was 
necessary,  in  order  to  maintain  themselves,  to  change  the  character  of 
their  civilization  and  become  a  manufacturing  and  shipping  nation  in- 


1490       NOTES   ON   CERTAIN   IRON-ORE  RESOURCES  OP  THE   WORLD 

stead  of  an  agricultural  nation.  In  order  to  do  that,  it  was  necessary 
to  secure  large  deposits  of  iron  ore.  It  is  from  this  fundamental  point 
of  view  of  necessity  that  Japan  has  been  so  insistent  on  acquiring  addi- 
tional iron  ore.  The  Chinese  have  not  felt  that  necessity  yet,  because 
they  have  not  yet,  in  any  large  number,  come  to  the  conclusion  that  they 
must  change  the  character  of  their  fundamenial  industries.     " 

ALSACE-LORRAINE 
By  Sidney  Paige 

About  6  months  ago  I  became  interested  in  the  Alsace-Lorraine 
matter  from  the  standpoint  of  the  policy  of  the  United  States  in  its  re- 
lation to  these  areas,  and  the  possible  peace  between  the  Allies  and  Ger- 
many. I  feel  that  ultimately  the  problem  of  solving  this  difficulty  must 
rest,  at  least  I  hope  it  will  rest,  on  geologists,  engineers,  metallurgists, 
and  technologists. 

Never  before,  perhaps,  in  the  history  of  the  world  has  the  policy  of  a 
great  nation  been  fraught  with  more  momentous  consequences  than  is 
the  policy  of  the  United  States  at  present.  To  any  thoughtful  man  im- 
pressed with  the  "velocity"  of  modern  civilization,  it  must  be  evident 
that  "direction*'  of  movement  is  of  vast  importance,  if  the  best  interests 
of  humanity  and  of  that  which  is  best  in  modern  civilization  are  to  be 
preserved  and  fostered.  It  is  a  significant  fact  that  today  there  remains 
no  great  unpopulated  territory.  The  westward  movement  of  peoples, 
a  movement  impelled  by  economic  pressure — a  search  for  resources  and 
later  for  markets — has  slowed  down.  The  great  resources  of  the  world 
are  known.  No  longer  may  nations  cramped  by  expanded  industrial 
systems  seek  relief,  without  meeting  unparalleled  opposition,  or  without 
upsetting  the  industrial  balance  of  the  entire  world.  Trade,  the  cause 
of  many  wars,  now  links  together  the  nations  of  the  entire  globe,  and  there 
is  every  reason  to  believe  that  science,  which  in  a  brief  past  has  so  mar- 
velously  obliterated  time  and  space,  will  in  the  future  accomplish  even 
more.  It  follows  that  the  politieal  task  of  modern  life  must  relate  to 
equitable  economic  adjustments  of  nations.  The  waves  of  peoples  in- 
undating the  world  have  met  around  its  circumference,  and  man  is  con- 
fronted with  the  responsibility  of  seeing  to  it  that  some  measure  of  quiet 
is  established. 

Problems  of  great  difficulty  confront  modern  civilization,  even  though 
the  Utopian  assumption  be  made  that  the  last  great  war  is  being  waged. 
These  difficulties  arise  from  the  patent  inequalities  in  resources,  nature 
of  peoples,  ethics,  education,  and  all  that  this  implies.  The  spirit  of  self- 
preservation,  persisting  as  selfishness,  the  desire  for  surplus  and  power^ 
are  apparently  innate  in  human  nature.  But  there  are  other  traits  in 
human  nature  which,  it  is  the  hope  of  many  men,  may  dominate  the  world. 
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No  one  who  analyzes  the  ''regulation/'  adopted  by  the  great  indus- 
trial nations  involved  in  this  war,  can  fail  to  realize  that  in  its  very  es- 
sence it  is  unselfish.  It  has  to  do  with  the  "greatest  good  for  the  greatest 
number"  and  has  been  promulgated  by  free  peoples.  In  fact,  by  the 
people.  He  who  imagines  that  these  changes  have  been  born  but  to  die 
an  early  death,  lacks  vision.  They  will  be  nurtured,  cultivated,  and  will 
thrive — to  grow  into  a  body  of  procedure  of  vast  importance  to  the  wel- 
fare of  man. 

War  b  modifying  our  views  of  labor,  of  distribution,  of  public  Qnance,  and  produc- 
tion.   In  fact,  it  is  shaking  the  whole  traditional  structure  of  our  economic  life.* 

The  principle  is  being  established  or  will  be  established  "that  the 
essential  commodities  are  subject  to  control  in  the  public  interest 
precisely  as  are  the  utilities."* 

Nations  now  at  war  are  applying  these  ideas.  In  the  coming  period 
of  peace,  it  is  vital  that  something  of  this  wisdom  be  applied  among 
nations. 

There  are  two  great  aims  in  this  war,  and  their  importance 
justifies  any  sacrifice.  First,  the  arrogant,  autocratic,  military  despotism 
of  Germany  must  be  crushed.  Nothing  is  clearer  than  this — that  control 
in  Germany  has  lain  in  the  hands  of  a  ruthless  group — so  strong  indeed 
that  they  have  been  able  to  carry  on  a  biological  experiment  on  a  vast 
scale.  A  people  have  been  imbued,  from  the  cradle  to  the  grave,  with  a 
philosophy  which  appears  to  us  no  less  false  than  cruel.  The  people 
exist  for  the  State,  and  the  particular  State  in  question  is  a  relic  of  bar- 
barism and  the  philosophy  built  upon  a  decadent  idea  that  the  State 
can  do  no  wrong.  Our  second  aim  of  the  war  has  to  do  with  such  redis- 
tributions of  resources  and  territory  as  will  tend  to  preserve  peace  and 
lead  to  the  normal  industrial'  progress  of  nations.  And  it  is  in  this  con- 
nection that  the  iron  ores  of  Lorraine  are  involved.  The  position  of  the 
United  States  is  unique.  Her  resources  are  the  greatest  in  the  world; 
her  peoples  are  imbued  with  the  virility  of  all  great  peoples,  and  her  posi- 
tion geographically  with  respect  to  trade  is,  to  say  the  least,  remarkable. 
She  lies  between  Europe  and  Asia.  Great  trade  routes  will  meet  and  pass 
through  her  territory.  And  she  has  entered  the  war  at  a  stage  either 
when  her  weight  will  compel  decision  (and  thus  determine  the  nature 
of  the  coming  peace)  or  else  she  will  go  down  in  defeat,  which  is 
unthinkable. 

Practical  men  realize  that,  in  wars,  agreements  usually  follow  a  deci- 
sion by  arms;  but  never  before  in  war  has  a  decision  by  arms  so  completely 
involved  the  entire  genius  of  peoples,  so  thoroughly  tried  their  powers  of 
cooperation  or  been  so  fraught  with  possible  unexpected  developments. 
Therefore,  never  before  has  it  been  so  important  to  have  well  defined 
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policies.  It  is  well  recognized  that  without  the  iron  ores  of  Lorraine^ 
Germany  could  not  have  waged  the  present  war;  and  therefore  that  if 
these  ores  be  taken  by  force  of  arms  peace  will  follow  almost  at  once. 
The  general  staffs  of  all  the  great  nations  are  no  doubt  aware  of  this  fact; 
likewise  the  Germans. 

It  must  be  recognized  at  once  that  in  Lorraine  (leaving  Alsace  out 
of  the  discussion  for  the  moment)  and  contiguous  France,  there  is  today 
the  greatest  iron-ore  reserve  of  Europe;  No  single  factor,  perhaps,  no 
group  of  facts  involved  in  this  war,  deserves  more  thoughtful  considera- 
tion. Upon  the  proper  disposition  of  these  reserves,  upon  the  nature 
of  the  barriers  that  may  be  set  up  or  torn  down  in  their  utilization, 
upon  the  spirit  of  co5peration  or  competition  which  enters  into  their 
disposal,  depends  in  large  measure  the  future  peace  of  Europe. 

It  is  of  interest  to  analyze  briefly  the  present  situation  with  respect 
to  Alsace-Lorraine. 

Alsace-Lorraine  has  been  the  battle  ground  of  Europe  ever  since  the 
days  of  Caesar  when,  in  72  B.  C,  a  German  tribe  invaded  this  territory 
and  settled  down.  It  is  useless  except  for  moral  discipline  when  feelings 
of  self-righteousness  become  acute  to  dwell  upon  the  number  of  times 
this  fair  territory  has  changed  hands.  Enough,  that  in  1871,  France 
lost  half  of  it  to  Germany.  And  it  is  significant  to  note  that  before  this 
date  it  belonged  wholly  to  France,  left  to  her  by  the  preliminary  agreement 
of  Versailles  at  the  end  of  the  Franco-German  war,  but  that  the  German 
geologist,  Hauchcorne,  pointed  out  to  Bismarck  the  potential  value  of 
this  area,  and  France  was  persuaded  to  cede  a  strip  of  it  by  the  subse- 
quent treaty  of  Frankfort  in  exchange  for  land  of  military  value  near  the 
fortress  of  Belfort.  Geologists,  therefore,  were  already,  in  1871,  of  use  to 
their  governments  at  war.  Since  that  time  any  lack  of  foresight  on  the 
part  of  French  geologists  has  been  corrected.  They  realize  today  the 
value  of  Alsace-Lorraine. 

Coal  and  iron  are  so  important  in  modern  war,  and  the  Grermans, 
so  well  supplied  with  certain  other  necessities,  are  so  ingenious  in  devising 
substitutes,  that  a  consideration  of  such  other  necessities  must  take  second 
place.  Germany  has  vast  resources  in  coal  but  poor  resources  in  iron; 
but  if  the  resources  of  Lorraine  be  included  the  resources  of  Germany 
in  iron  become  vast.  And  if  there  be  included  French  territory  now  held, 
she  possesses  by  far  the  greatest  resources  on  the  eastern  hemisphere. 
Of  a  production  of  28,600,000  tons  of  iron  ore  in  1913  by  Germany, 
21,000,000  came  from  Lorraine;  of  coal,  Germany,  without  French  terri- 
tory, possesses  more  than  half  the  resources  of  all  Europe.  England 
follows  her  in  resources,  Russia  next,  then  Austria-Hungary,  and  fifth 
comes  France.  The  Saar  Valley  alone  contains  more  coal  than  is  known 
in  France  today. 

One  does  not  need  a  vivid  imagination  to  picture  the  strength  of  this 
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combination  which  at  present  she  commands,  the  greatest  coal  and  iron 
resources  of  Europe. 

France,  on  the  other  hand,  is  deficient  in  coal.  In  iron,  before  the  war, 
her  resources  were  only  slightly  leas  than  those  of  Germany,  and  of  a 
total  production  of  21,700,000  tons  by  France,  19,500,000  came  from  the 
Longwy-Briey  field,  the  identical  field  from  which  Germany  draws  her 
main  supply. 

Briefly  then,  what  was  the  situation  before  the  war?  Simply  this: 
Germany,  by  unparalleled  activity  in  the  development  of  great  coal 
resources,  was  using  not  only  all  the  iron  she  could  command,  but  im- 
porting an  increasing  amount  year  by  year  from  France.  France,  on 
the  other  hand,  short  of  coal,  was  importing  some  23,000,000  tons  and 
exporting  iron  ore  to  the  amount  of  one-tenth  of  the  production  of  the 
Longwy-Briey  field,  to  Germany. 

Then  came  the  war,  and  with  it  changes  of  the  utmost  significance, 
for  not  only  does  Germany  now  hold  the  entire  Briey-Longwy  iron  field, 
but  also,  in  the  north  of  France,  the  coal  field  extending  from  Valenciennes 
to  beyond  Lens. 

The  battle  line  on  the  western  front  offers  opportunity  for  speculation. 
After  the  great  advance  which  threatened  Paris  (German  troops  were 
within  20  miles  of  the  city)  the  invading  armies  withdrew  to  the  line  of 
July,  1916.  Recall  the  position  at  that  time  of  the  St.  Mihiel  salient 
and  recall  the  line  around  Verdun.  Note  also  that  the  great  manufactur- 
ing center  of  Lille  and  Lens  are  in  German  hands  and  that  the  tip  of  the 
Flanders  coal  field  alone  remains  in  French  possession.  From  that  date 
the  line  moved  to  that  of  September,  1917,  and  again  recall  that  the  St. 
Mihiel  salient  has  not  changed;  recall  that  the  ferocity  of  the  attacks  upon 
Verdun  were  unparalleled  and  note  that  Lille  and  the  Flanders  coal  field 
have  not  been  relieved. 

Much  has  been  written  to  account  for  the  German  onslaughts  at 
Verdun;  political  reasons  have  been  assigned.  Onjy  recently,  it  would 
seem,  has  the  true  significance  of  this  maneuver  been  understood. 
The  St.  Mihiel  salient  and  Verdun  are  in  the  path  to  the  Lorraine  iron 
fields.  That  the  Germans  should  desire  to  straighten  this  line  is  natural 
and  that  it  remains  nearly  stationary  means  that  it  is  well  defended. 
Indeed,  a  great  German  offensive  may  be  expected  here.  To  regain  the 
Flanders  coal  field  would  relieve  a  great  need  in  France.*  To  regain 
French  iron  fields  and  drive  the  Germans  from  Lorraine  would  change 
the  aspect  of  the  war. 

Let  us  turn  now  to  the  war  aims  of  French  geologists  and  metallur- 
gists. DeLaunay  foresees  France  at  the  end  of  the  war  "triumphant, 
happy.  *  *  *  We  impose  our  wishes,  we  impose  them  completely. 
I  do  not  consider  any  other  hypothesis  as  possible,  as  worthy  of  discust 
sion.''    And  the  conditions  that  he  expects  to  be  imposed  include  no- 
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only  the  restitution  of  Alsace  and  Lorraine,  but  the  annexation  of  suffi- 
cient German  coal  and  coal  fields  to  redress  the  mineral  deficiencies  of 
France. 

In  1913,  France  produced  40,000,000  tons  of  fuel,  while  her  consump- 
tion reacMd  60,000,000  tons.  A  deficit  of  23,000,000  tons,  therefore, 
growing  year  by  year,  required  imports  from  England,  Germany,  and 
Belgium  to  supply  her  needs.  Of  coke,  which  is  the  principal  element 
entering  into  the  cost  of  pig  iron,  the  situation  before  the  war  was  even 
more  unfavorable.  The  3,000,000  tons  which  were  imported  approached 
the  figure  of  domestic  production. 

As  has  just  been  said,  France  before  the  war  faced  a  deficit  each  year 
of  23,000,000  tons  of  fuel.  This  figure  represents  19,000,000  tons  of  coal 
and  3,000,000  tons  of  coke  (4  tons  of  coal  to  produce  3  tons  of  coke).  Lor- 
raine alone  produces  4,000,000  tons  of  coal  but  no  coke,  and  consumes 
6,000,000  tons  of  coal  and  4,500,000  tons  'of  coke  (made  from 
6,000,000  tons  of  co^).  A  total  of  12,000,000  tons  of  coal,  therefore,  is 
consumed  in  Lorraine,  while  this  territory  produces  only  4,000,000  tons. 
There  is  a  deficit,  therefore,  of  8,000,000  tons  of  coal  in  Lorraine.  There- 
fore, if  Lorraine  is  returned  to  France,  the  deficit  of  that  country  in  coal 
will  rise  from  23,000,000  tons  to  31,000,000  tons.  The  French,  therefore, 
propose  that  they  also  be  given  the  coal  of  the  Saar  Valley  in  Germany. 
Should  this  wish  be  realized,  the  consequences  are  as  foUows:  The  Saar 
Valley  produces  10,000,000  tons  of  coal,  which  is  consumed  crude,  and 
3,000,000  tons  of  coal,  which  is  made  into  coke,  13,000,000  tons  in  all. 
This  region  consumes  5,000,000  tons  of  coal  (2,000,000  as  crude  coal  and 
3,000,000  transformed  into  coke).  There  is  a  surplus,  therefore,  of 
8,000,000  tons  of  coal,  that  is  to  say,  precisely  the  amount  deficient  in 
Lorraine. 

But  this  apparent  balance  of  resources  takes  on  a  different  aspect 
when  analyzed  with  respect  to  coke. 

Lorraine  and  the  Saar  Valley  together  produce,  as  set  forth  above, 
17,000,000  tons  of  coal,  divided  as  follows: 

Coal  consumed  crude , 14,000,000  tons. 

Coal  made  into  coke 3,000,000  tons. 

This  territory  likewise  consumed  17,000,000  tons  of  coal,  but  this  amount 
is  divided  thus: 

Coal  consumed  crude 8,000,000  tons. 

Coal  made  into  coke 9,000,000  tons. 

Now,  while  the  deficit  of  23,000,000  tons  which  France  faced  before  the 
war  will  not  be  augmented  if  Lorraine  and  the  Saar  Valley  are  taken, 
her  situation  with  respect  to  coke  will  be  worse.  Before  the  war  the 
23,000,000  tons  deficit  of  France  was  divided  as  follows: 

19,000,000  tons  of  crude  coal. 
4,000,000  tons  of  coal  for  coke. 
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With  the  new  arrangement  these  figures  will  become : 

13,000,000  tons  of  crude  coal. 
10,000,000  tons  of  coal  for  coke. 

The  importations  of  metallurgic  coke  into  France  in  1913  were  divided 
as  follows: 


Tons  ! 


From   Germany 2,393,000 

From  Belgium 547,000 

From  other  countries 130,000 

Total 3,070,000 

There  is  therefore  a  deficit  of  nearly  7,000,000  tons  of  coke  which 
France  must  make  up  by  import.  The  Saar  Valley  does  not  produce 
good  coking  coal  and  France  wants  coking  coal,  not  coke,  for  she  wishes 
to  obtain  the  byproducts.  Eng  and,  before  the  war,  consistently  refused 
to  send  coking  coal  and  would  sell  only  coke.  France  after  the  war 
will  be  forced  to  buy  fuel.  Where  can  she  buy  coking  coal?  And  just 
here  the  basic  principle  is  illuminated,  that  nations  must  cooperate. 

If  the  situation  in  France  with  respect  to  ore  is  examined,  assuming 
that  she  possess,  after  the  war,  Lorraine  and  the  Saar  Valley,  it  will  be 
found  that  she  faces  an  equal  predicament — that  is,  a  market  for  her  ores. 
This  is  clearly  set  forth  in  the  analysis  by  Robert  Pinot.*®  But  the  crux 
of  the  matter  is  reached  when  the  situation  with  respect  to  the  manufac- 
ture of  steel  is  analyzed. 

In  1913,  France  produced  5,311,000  tons  of  pig  iron;  957,000  tons  were 
consumed  by  French  foundries  or  exported  crude.  The  remainder, 
4,354,000  tons,  was  made  into  iron  and  steel.  Lorraine  and  the  Saar 
Valley  in  1913  produced  5,241,000  tons  of  pig  iron,  of  which  4,502,000 
tons  were  transformed  into  steel.  France  after  then  would  have  a  capacity 
of  11,000,000  tons  of  pig  iron,  of  which  9,000,000  tons  would  be  made 
into  steel.  Furnaces  erected  during  the  war  would  supply  another  million 
tons  of  steel.  France  thus  would  be  compelled  to  dispose  of  10,000,000 
tons  of  steel.  Where  would  this  steel  go?  It  may  be  shown  that,  even 
if  a  roseate  view  is  taken  of  the  French  industrial  situation  after  the  war, 
France  will  be  in  a  position  (always  assuming  that  she  possesses  Lorraine 
and  the  Saar  Valley  and  ample  coal  from  Germany)  to  produce  4,000,000 
more  tons  of  steel  than  she  can  dispose  of.     Pinot  estimates  as  follows : 

Tons 

French  consumption  before  the  war 5,000,000 

Lorraine-Saar  consumption 400,000 

Exportation  and  reduction  of  temporary  importation.     600,000 

Total 6,000,000 

*•  Robert  Pinot :  La  M6tallurgie  et  I'apr^  guerre.    BuUeiin  et  Comptes  Rendus  Merir 
8ueU,  SocUU  de  V Industrie  Min^ale,  Ire  livraison  de  1917,  36.     . 
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ximately  remain  unaccounted  for. 

lorted 6,600,000  tons  of  ateel 

orted 6,000,000  tons  of  Btoel 

a  exported 2,500,000  tons  of  Bt«el 

Jrted 1,700,000  tons  of  ateel 

!  to  develop  exportation  at  the  expense  of  the 
■y  which  has  enormously  increased  her  capacity 
an  she  hope  to  compete  with  Great  Britain,  who 
n  a  stroi^  position  metaUurgically.  And  aa  for 
ome  1,184,000  tons  for  export.  Again,  therefore, 
ito  competition  with  the  Germans. 
Q  and  presents  figures,  to  the  end  that  Germany 
e  is  no  need  to  review  these  figures  here.  Their 
^ct  that  this  entire  question  deserves  the  most 
1  the  part  of  the  United  States,  England,  and 
able  basis  for  peace  may  be  reached, 
jrings  out  clearly  the  need  of  an  economic  policy 
>Bal  of  the  Lorraine  and  contiguous  French  orea. 
borne  in  mind  that  this  iron-ore  reserve  is  of 
Etll  the  great  industrial  nations  of  Europe.  If  the 
the  military  autocracy  of  Germany  victorious, 
ther  thought  to  this  matter.  Such  s  Germany 
slaved  Europe  will  pay  tribute, 
iting  one  sentence.  Upon  the  proper  control  of 
le  nature  of  the  barriers  that  may  be  set  up  or 
•Atlon,  upon  the  spirit  of  competition  or  coopera- 
leir  disposal,  depends  in  large  measure  the  future 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  abould  preferably  be  preeented  in  person  at  the 
New  York  meeting,  February,  1019,  when  an  abttraot  of  the  paper  will  be  read.  If  thia  ia  impoaaible, 
theo  diMoaaion  in  writing  may  be  aent  to  the  Editor,  American  Institute  of  Mining  Engineers,  39  West 
39Ui  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  ita  author 
UaleM  special  arrangement  ia  made,  the  discussion  of  this  paper  will  doae  Apr.  1, 1919.  Any  discussion 
offend  thereafter  ahould  preferably  be  in  the  form  of  a  new  paper. 
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BY  MABION  RICK,  NEW  YORK|  N.  Y. 
^  (New  York  Meeting,  February.  1919) 

The  copper-mining  district  of  Jerome,  Ariz.,  is  of  such  economic 
importance  that  the  following  brief  notes  may  be  of  interest. 

The  ore  deposits  are  said  by  Ransome^  to  be  pre-Cambrian,  and  are 
contained  in  the  pre-Cambrian  schists  of  the  region. 

In  the  viciivity  of  the  mine  (the  United  Verde)  the  schist  stands  nearly  vertical 
and  strikes  a  little  west  of  north.  At  least  three  varieties  are  distinguishable — (1)  a 
Sreen  rock,  schistose  on  its  margins  but  grading  into  massive  material,  which  is 
evidently  an  altered  dioritic  intrusive;  (2)  a  rough  gray  schist  with  abundant  pheno- 
crysts  of  quartz,  apparently  an  altered  rhyolite;  and  (3)  a  satiny,  greenish  gray, 
very  fissile  sericitic  schist  that,  may  be  a  metamorphosed  sediment.  The  ore 
occurs  in  varieties  (2)  and  (3),  the  main  belt  of  dioritic  rock  (1)  lying  just  west 
of  the  orebodies.     The  ore  is  said  to  follow  as  a  rule  the  layers  of  fine  sericitic  schist. 

T.  A.  Rickard^  says  that  the  ore  at  thfe  United  Vei'de  Extension 
mine  is  found  at  the  contact  of  diorite  and  schist,  that  both  diorite  and 
ore  are  earlier  than  the  regional  metamorphism,  and  that  the  quartz 
porphyry  ("rhyolite"  of  Ransome)  is  of  post-Cambrian  age. 

The  material  considered  here,  a  part  of  which  was  gathered  by  the 
writer,  came  from  four  of  the  mines  of  the  district,  and  its  study  was 
undertaken  at  the  suggestion  of  Dr.  Berkey  of  Columbia  University. 
The  field  relations  and  exact  locations  of  the  different  specimens  are*  not 
known,  but  a  microscopic  study  of  the  thin  sections  gave  some  evidence 
as  to  the  origin  of  the  ore,  which  will  be  discussed  below.  The  indications 
are  that  both  ore  and  porphyry  were  introduced  at  the  closing  stages  of 
the  metamorphism,  this  being  in  accord  with  Ransome's  view  of  the  ge- 
netic relation  of  porphyry  and  ore  rather  than  with  the  opinion  that  the 
ore  is  related  to  the  diorite.  Certain  field  occurrences  mentioned  in  the 
literature  also  support  this  theory.  Rickard,  in  the  same  article  to  which 
reference  has  been  made,  speaks  of  a  vein  of  chalcocite  several  inches  wide 
at  the  contact  of  one  of  the  porphyry  dikes,  and  Provot,'  although  he  re- 
gards the  porphyry  as  subsequent  to  the  ore,  says:  "Acid  dikes  encount- 


»F.  L.  Ransome:  U.  S.  G.  S.  BuU.  529  (1913)  192. 

*T.  A.  Rickard:  Mining  and  Scientific  Press  (Jan.  12,  1918)  116,  47. 

'  F.  A,  Provot:  "Geological  Reconnaissance  of  Jerome  District." 
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ered  underground  should  be  followed  as  they  have  been  found  in  prac- 
tice to  lead  to  orebodies." 

Rock  Types 

,   (1)  Andesite  Porphyry 

This  name  ae  used  here  includes  the  variety  sometLmes  referred 
to  as  diorite  porphyry.  In  the  hand  specimen,  this  rock  is  typically 
finegrained,  of  a  dark  green  color,  veined  with  carbonate  and  chlorite, 
and  showing  general  chloritization.  In  thin  section,  it  is  seen  to  be  an 
andesite  of  diabasic  structure,  with  the  feldspars  very  much  crushed  and 
sheared    (Fig.    1).     Hydrothermal    alteration    has    partly    converted 


Fi<3.  1.  Fia.  2. 

Fio.  1, — Andesite   porphyry,  showing  crushed  character  of  rock.    Lioht 

□  RAY  MINERALS  ARE  FELDSPARS,  DARK  GRAY  IS  CHLORITE.      ORDINART  UOBT.       MAG- 
NIFICATION,   X   30. 

Fio.  2. — Andesite  porphyry,  sheared  and  veined.    Light  qrat,  lath-uec 

MINERALS     ARE     altered    feldspars;    dark    gray    is    CHLORtTX    AND    BEBPBNTINE. 

Lar^e,  light  oray  vein  is  of  carbonate  and  auAHTZ.    Ordinary  light.     Mao- 


the  feldspars  to  epidote,  and  changed  the  ferro-magnesian  minerals  to 
chlorite  and  serpentine.  Fractures  have  been  healed  with  carbonate 
and  chlorite  {Fig.  2),  and  some  contain  small  pyrite  cubes.  Some  speci- 
mens are  coarse-grained,  but  in  general  the  type  is  that  of  a  small 
intrusive.  The  history  indicated  is  one  of  not  very  deep-seated 
dynamic  disturbance,  followed  by  hydrothermal  alteration  with  slight 
mineralization. 

(2)  Schist 

Two  types  of  schist  were  observed.  In  the  hand  specimen  both  were 
very  fine-grained,  dark  green  to  grayish  colored,  with  small,  whitish 
patches  somewhat  sheared  out. 

The  first  type  would  be  more  properly  classed  with  the  phyllites.     It 
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is  aD  extremely  fine-grained  rock,  now  composed  of  anaggregateof  quartz, 
chlorite,  carbonate,  and  sericite,  which  has  not  been  subjected  to  any  very 
profound  metamorphisoi.  The  shearing  has  developed  abundant  Bakes 
of  sericite  but  there  has  been  no  thorough  reorganization  of  the  material, 
with  development  of  the  high-density  minerals.  Later  cracks  are  healed 
with  carbonate,  and  some  specimens  show  tiny  disseminated  grains  of 
pyrite.    The  history  of  this  rock  is  essentially  the  same  as  that  of  the 


___    _  Fio.  4. 

Fig.  3. — Schist.  Ao<iiiE<iATB  of  heconpary  uineralb.  Lioht  imAr  ktrkakkd 
ncATioN,  X  30. 

FiC.  4.^^SCHI8T,  apparently  FORUED  from  IGNBOCa  ROCK.  LlOHT  URAT  PATCHES 
BCUGBST  FELDSPAR  PHENOCBVST;  WHITE,  CRDSUED  FHAOMBNTB  ASB  QUARTZ;  BLACK 
CDBEB  IN  VEINLBT  ABE  PYRITE.       ORDINARY  LIQBT.       MAGNIFICATION,    X  30. 

andesites.     It  was  originally  a  fine-grained  fragmental,  possibly  a  shale, 
but  more  likely,  in  view  of  its  associations,  an  ash. 

The  second  type  is  similar  in  composition  and  mineral  make-up, 
but  was  formed  by  the  more  intense  shearing  of  coarser  material  (Fig. 
3  and  4).  Grains  of  original  quartz  and  scattered  dense  sericitic  and 
chloritic  patches,  such  as  would  result  from  the  alteration  of  feldspar 
and  hornblende  crystals,  suggest  that  the  original  rock  was  an  igneous 
type,  but  it  has  been  so  much  sheared  that  nearly  all  the  primary  structure 
has  been  obliterated  and  the  determination  of  the  origin  is  uncertain. 
The  rock  may  have  been  a  tuff  formed  from  small   rock   fragments. 

(3)  Quartz  Porphyry 

In  the  hand  specimen,  this  rock  is  of  a  gray-green  color,  fine-grained, 
with  large  quartz  phenocrysts,  and  occasional  red  and  green  patches  of 
feldspar  and  chlorite.  Under  the  microscope,  it  is  seen  to  be  a  very 
silieeouB  quartz   porphyry  with   abundant  quartz  phenocrysts  and  an 
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occasional  striated  feldspar  (Fig.  5).  The  groundmass  is  typically 
a  very  fine  intergrowth  of  quartz  and  feldspar,  so  that  the  rock  is  of  the 
type  known  as  graphophyr,  characteristic  of  amall  intrusions  from  a 
siliceous   magma.     The  feldspar  is  partly  altered  to  sericite,  epidote, 


Fio.  5.  1 

Fia.  5. — Quartz    pobphtbt  8Howl^o  rRusuBD  quartz  a 

:ryhts  and  fine-grained  oroundmass.     Crossed  nicols.     fl 

Fio.  0. — Quartz  porphyry  showino  fractured  feldspar  phenocrysth  vi 
Crossed  nicols.     Magnification,  X  30. 


ROCK.     Ohuin-ahy  lioht.     Magnification-,    X  .:J0. 

and  carbonate  (Fig.  6),  and  the  original  small  frrro-magnosian  content 
i.s  now  in  the  form  of  chlorite.  Chlorite  is  also  developed  in  the  sheared 
Kones,  and  seems  here  to  be  a  vein  niinoinl.  These  porphyries,  as  might 
be  expected  of  a  series  of  small  intrusions,  are  somewhat  variable  in 
composition  and  habit.  They  iilso  show  different  amounts  of  dynamic 
disturbance      Someahowno  trace  of  fracturing,  while  others  have  quartz, 
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chlorite,  and  carbonate  veins  and  crush  effects  in  the  phenocrysta.  Most 
of  the  specimens  contain  pyrite  in  the  veins  (Fig.  7);  some  as  perfect 
cubes  and  some  as  crushed  fragments.  Black  rims  on  the  pyrite  result 
from  secondary  processes. 

The  quartz  porphyries,  then,  were  intruded  during  the  closing  stages 
of  the  regional  disturbance,  and  also  after  movement  had  stopped.  The 
mineralization  follows  fractures  in  the  porphyry  and  therefore  is  later 
in  each  case  than  the  rock  in  which  it  is  found,  but  is  not  necessarily 
later  than  the  entire  porphyry  series,  so  that  ore  may  be  found  cutting 
the  dikes,  and  likewise  dikes  cutting  the  ore. 

Orb  Specimens 
In  addition  to  the  wall  rocks,  some  ore  .specimens,  (1)  and  (2)  from  the 
United  Verde,  and  (3)  and  (4)  from  the  United  Verde  Extension  mines, 
were  examined  microscopically.  Unfortunately,  ail  the  material  at  hand 
was  of  the  high-grade  oie,  so  that  the  process  of  mineralization  could 
not  be  studied. 

United   Verde  Ore 
1.  The  ore  consists  of  bands  of  crushed  pyrite  and  of  sphalerite, 
the  whole  specimen  veined  and  partly  replaced  by  covetlite  (Fig.  8), 


Fig.  8. — Massre  United  Vehde  ohe.     Dauk  ohay,  hough,  crushed  mii 

1^  PVBITB;  LKIHT,    SMOOTH   MINEHAL  IS  KPHALEitlTE.       CoVKLI.rTE  CANNOT  BE  D 
(idlsHED    FROM    SPHALERITE   IN    PHOTOtiRAPH.       KkKLKCTED    LICflLT.       I  " 

x;m. 

Fi(i.  9. — ^United  Vehdb  Extension  HiiiH-cnACE  orb.     Gray,  i 

IK  pyrite;  CRAY,  SMOOTH  MINERAL  IH  QUAHTZ;  KMOOTH,   WHITE  IIATBIS 

Reflected  li«ht.     Maunipecation,  X  34. 

A  verj-  smiilt  amount  of  chalcopyrite  appears  in  the  sphalerite,  and  chal- 
rcicite  is  entirely  absent.  The  banding  may  be  <iue  to  replacement  pre- 
8er\'ing  the  structure  of  a  schist,  or  to  deposition  along  the  weaknesses 
of  a  sheared  rock;  probably  the  former,  as  it  is  quite  fine  and  regular 
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The  crushing  of  the  pyrite  appears  to  be  a  result  of  continued  movement 
parallel  to  the  schistosity.  This  is  regarded  as  additional  evidence  that 
the  mineralization  began  before  the  conclusion  of  the  dynamic  modifica- 
tion of  these  rocks.  The  covellite  belongs  to  a  different  and  later  period, 
as  it  occurs  in  veinlets  cutting  the  original  structure  and  independent  of  it. 

2.  This  ore  is  more  massive  pyrite,  considerably  crushed  but  not 
banded,  containing  chalcopyrite  interstitially  and  in  veinlets.  An 
occasional  large  grain  of  chalcopyrite  is  in  primary  relation  to  the  pyrite, 
so  that  it  would  appear  that  the  chalcopyrite  is,  in  general,  later  than  the 
pyrite,  but  that  some  overlapping  of  these  two  constituents  occurred. 

United  Verde  Extension  Ore 

3.  This  is  a  massive  pyrite  with  secondary  chalcocite  in  veinlets, 
interstitially  and  in  occasional  large  grains.  The  chalcocite  is  thus  in 
the  same  relation  to  the  pyrite  as  the  chalcopyrite  is  in  specimen  (2), 
and  is  most  likely  the  result  of  secondary  enrichment  (replacement) 
of  the  chalcopyrite.  It  has  not  at  all  the  distribution  to  be  expected  if 
it  were  an  enrichment  of  the  original  pyrite. 

4.  This  ore  is  made  up  of  small  crushed  pyrite  remnants  in  a  matrix 
of  secondary  chalcocite,  and  represents  almost  the  final  stage  of  the 
enrichment  process  (Fig.  9). 

Summary 

A  general  summary  would  be  somewhat  as  follows:  A  complex  of 
tuffs,  dikes,  flows,  etc.,  not  very  deeply  buried,  was  intruded  by  diorite 
and  the  whole  subjected  to  regional  metamorphism,  developing  schistose 
and  crush  rocks  of  great  variety.  At  the  closing  stages  of  the  meta- 
morphic  period,  intrusions  from  a  deeper-seated,  very  siliceous  magma  cut 
the  older  rocks.  The  same  paths  of  weakness  were  followed  by  the 
mineraUzing  solutions,  which  were  high  m  silica  and  replaced  the  wall 
rocks  extensively.  The  abundant  chlorite  and  sericite,  and  absence  of  the 
pneumatolytic  minerals,  such  as  tourmaline,  would  class  this  deposit 
with  the  intermediate-temperature  type  described  by  Lindgren. 

.The  primary  ore  minerals  observed  were  pyrite,  chalcopyrite,  and 
sphalerite.  Secondary  enrichment  has  converted  the  chalcopyrite  and 
part  of  the  pyrite  to  chalcocite.     The  covellite  is  probably  secondary. 
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Introduction 

Considerable  interest  has  been  shown,  during  recent  years,  in  the 
possibilities  of  developing  oil  fields  in  the  South  American  Republics, 
now  that  the  exhaustion  of  our  present  fields  can  be  seen  in  the  not  very 
distant  future.  The  demand  for  fuel  oil  and  its  products  has  been  in- 
creasing far  more  rapidly  than  our  increment  of  production  during  the 
last  few  years.  Increase  of  consumption  has  been  largely  curtailed  by 
the  lack  of  sufficient  supply. 

The  main  factors  that  have  contributed  to  our  previous  neglect  of 
the  southern  fields  have  been  as  follows : 

(a)  Lack  of  sufficient  demand  for  the  product. 

(b)  Competition  with  producing  fields,  having  large  production, 
low  cost,  and  better  geographical  position,  such  as  Tampico,  Mexico. 

(c)  Greater  interest  in  home  fields  with  ready  market  at  hand. 

(d)  Our  ignorance  of  southern  economic  and  geologic  conditions, 
due  to  the  distance  between  those  areas  and  our  financial  centers. 

(e)  Economic  conditions  in  the  southern  countries,  necessitating 
high  costs  of  exploration  and  exploitation  of  the  fields. 

*  Consulting  Oil  Geologist. 
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(/)  Our  lack  of  understanding  of  the  business  methods  of  the  Latin- 
American. 


Uftp  Outllo«  hj  Cvuricij  of  Matbem-Nuthnip  Hsrks,  Boftalo.  X.T. 


Fig.   1 


It  must  be  borne  in  mind  that  the  oil-development  work  done  to  the 
present  time  in  South  America  has,  with  one  exception,*  been  undertaken 


*Tlie  accidental  discovery  of  oil  in  borin*];  for  water  at   Comodoro   Rivadavia, 
Argentina. 
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upon  lands  which  possessed  direct  evidence  of  oil  in  seepages  or  asphaltic 
deposits,  occurring  either  inunediately  upon  the  lands  or  in  their  close 
vicinity.  The  development  of  oil  fields  in  South  America  is  therefore 
in  the  pioneer  stage.  It  is  not  at  all  improbable  that  "hidden  fields" 
will  be  uncovered  in  future  work,  as  has  occurred  notably  in  the  Mid- 
continental  field  of  this  country  within  recent  years. 

Location 

The  areas  grouped  as  a  unit  under  the  title  of  North  Argentine- 
Bolivian  oil  field  extend  in  a  narrow  belt  from  the  north-central  part  of 
the  Province  of  Salta,  Argentina,  northward  into  the  central  part  of 
Bolivia.  This  belt  lies  in  a  direction  a  few  degrees  east  of  north,  slightly 
curved  with  its  concave  flexure  to  the  west,  passing  through  the  border 
town  of  Yacuiva  at  latitude  22"*  South  and  longitude  63°  30'  West  of 
Greenwich.     It  extends  from  18°  South  to  23°  South  latitude. 

To  the  west  of  the, field  lie  the  frontal  ranges  of  the  Andes  System, 
beyond  which  extend  high  rugged  mountains,  deep  narrow  gorges  and 
high  plateaus,  culminating  in  the  crest  of  the  continental  range.  Toward 
the  east  extends  the  great  expansive  plain,  reaching  over  northeast  Argen- 
tine, southeast  Bolivia,  northern  Paraguay,  and  into  southern  Brazil. 

Notable  seepages  of  oil  occur  in  the  following  political  subdivisions 
of  the  two  countries : 

Argentina : 

Department  of  Ordn,  Province  of  Salta. 
Bolivia : 

Department  of  Tarija. 

Department  of  Sucre  (Chiiquisaca). 

Department  of  Santa  Cruz. 

The  location  of  this  field  has  given  rise  to  the  name  of  "Sub-Andean 
Petroliferous  Zone,"  a  term  used  by  some  writers. 

Literature 

The  literature  on  the  oil  regions  of  South  America  is  very  limited, 
particularly  that  in  the  English  language.  A  resume  has  recently  been 
compiled  in  a  valuable  paper  by  Frederick  G.  Clapp.^ 

As  to  the  literature  in  the  Spanish  language,  among  the  most  important 
publications  are  the  reports  of  Dr.  Guido  Bonarelli,^  of  Buenos  Aires, 

'Trans.  (1917)  67,  914. 

*a,  G.  Bonarelli:  Las  Sierras  Suhandinas  del  Alto  y  Aguaragiie  y  Los  Yacimientos 
Petroliferos  del  Distrito  Minero  de  Tartagal,  Provincia  de  Salta.  Republica  Argen- 
tina, Anales  del  Minisierio  de  Agricidtura  Seccidn  Geologia,  Mineralogia  y  Minera 
(1913)  8,  Nrim.  4. 

6,  La  Estnictura  Geol6gica  y  Los  Yacimientos  Petroliferos  del  Distrito  Minero 
de  Or4n,  Provincia  de  Salta.  Ministerio  de  Agricidtura  Direccidn  General  de  Minus 
(1914).     Niim.  9,  Ser.  B. 
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who,  as  government  geologist,  has  made  diligent  study  of  many  petro- 
liferous areas  in  his  country  and  in  southeastern  Bolivia.  Chemical 
analyses  of  the  Sub-Andean  petroleum  have  been  made  by  Dr.  Ernesto 
Longobardi.'  Reports  of  Bodenbender*  and  Brackebusch*  give  valuable 
information  regarding  the  geology  of  adjoining  regions  in  the  provinces 
of  Salta  and  Jujuy.  Steinmann'  has  made  examination  of  the  Sierra 
de  Aguarague  region,  particularly  in  southeastern  Bolivia.  All  the  above 
reports  have  been  freely  consulted  in  the  preparation  of  this  paper. 

Nomenclature 

Some  ambiguity  apparently  exists  among  references  to  the  North 
Argentine-Bolivian  region,  due  to  varied  spelling  and  multiplicity  of 
names  for  the  same  locality.  The  following  corrections  and  correlations 
are  given  with  the  hope  of  clarifying  such  ambiguities : 

Capiazuti  Wells, — Situated  4  miles  (6.4  km.). northwest  of  the  village 
of  Aguaray.  They  are  in  Argentina,  on  Capiazuti  Creek,  25  miles  (40.2 
km.)  south  of  the  Bolivian  border.  These  wells  are  sometimes  referred 
to  as  "Las  Minas  de  Aguaray."    Not  to  be  confused  with  Cuarazuti. 

Iquira  Springs, — Seepages  2  miles  (3.1  km.)  south  of  Capiazuti,  on 
Iquira  Creek.     Often  included  in  the  term  "Las  Minas  de  Aguaray." 

Tartagal  Wells, — Situated  S^i  miles  (5.6  km.)  southwest  of  the  vOlage 
of  Tartagal,  Department  of  Ordn,  on  Galarza  Creek.  Sometimes  termed 
"Las  Minas  de  Tobar,"  or  "Las  Minas  de  Tartagal." 

Ipagudzu  Springs, — Seepages  of  petroleum  on  Agua  Salada  Creek, 
12  miles  (19.3  km.)  east-northeast  of  Yacuiva.  Synonymous  with 
"Lomas  de  Ipaguazu."  Included  in  the  "Gran  Chaco"  seepages.  In- 
correctly written  Ipaguaciu  or  Ipahuaso.  , 

Yacuiva, — The  Bolivian  frontier  town,  though  2  miles  south  of  the 
border  recognized  between  the  two  countries;  viz.,  22°  south  latitude. 
Also  correctly  written  Yacuiba,  but  incorrectly  Ayacuiba. 

Agiiaragile, — The  frontal  range  of  mountains  commencing  a  few  mOes 
southwest  of  Tartagal,  extending  northward  into  Bolivia.  Sections  of 
the  range  are  sometimes  designated,  "Cerros  de  Tartagal,"  "Cordon  de 


'  Los  Petr6leos  Subandinos  y  sua  relacionea  Geo-quimicas.     Analea  de  Socitdad 
Quimica  ArgerUina  (1915)  3,  423. 

*  Informe  sobre  una  exploraci6n  Keol6gica  en  la  rcRi6n  de  Ordn  (Provincia  de  Salta). 
Ministerio  de  Agricidlura  Boletin  (1906)  4,  Niim.  4,  5. 

'  Brackcbusch :  Estudios  sobre  la  formaci6n  petroUfera  de  Jujuy.     Boletfn  de  la 
Academia  Nacional  de  Ciencia  de  C6rdoba  (1882)  6,  137-2,52. 

•  a,  G.  Steinmann,  H.  Hoek  and  A.  V.  Blstram.     Zur  Geol.  des  sudostl.  Boliviens. 
Tentralbl.  fur  M.  G.  u  P.,  Stuttgart,  1904. 

by  H.  Hoek  and  G.  Steinmann:  Erlauterung  zur  Routenkarte  der  Exped.  Steinm. 
Hoek,  V.  Bistram  in  d.  Anden  v.  Bolivien.     Petermans  Mittheilungen  (1906)  1. 
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Itaque,"etc.  The  northern  extension  comprises  the  ''Sierras  de  Santa 
Cruz."  •  Improperly  written  Aguaraygus,  Aguaraygua,  etc. 

Cuarazuti. — A  creek  in  the  Department  of  Tarija,  Bolivia,  north  of 
Yacuiva.     Incorrectly  written  Guarazuti  or  Kuarazuti. 

Gran  Chaco. — The  great  plams  extending  over  northern  Paraguay, 
southeastern  Bolivia  and  northern  Argentina.  The  Province  o^  the  Gran 
Chaco  of  Bolivia  includes  the  eastern  parts  of  the  departments  of  Tarija 
and  Sucre  (Chuquisaca).  Geographically  divided  into  Chaco  Oriental 
or  Chaco  Paraguay o,  Chaco  Central  and  Chaco  Austral,  the  latter  two 
largely  included  within  the  boundary  of  Argentina. 

Topography 

The  North  Argentine-Bolivian  oil  region  lies  along  a  boundary  line 
between  rough  mountainous  country  to  the  west  and  extensive  plains  to 
the  east.  A  series  of  mountain  ranges,  with  parallel  trend  from  north 
to  south,  stretches  westward  with  increasing  altitude  until  the  crest  of 
the  great  Andes  Range  is  reached.  Between  these  ranges  are  long  narrow 
river  valleys  with  occasional  river  terraces,  which  frequently  serve  as 
locations  for  villages  at  altitudes  varying  from  10,000  to  12,500  ft.  (3048 
to  3810  m.)  above  sea  level. 

The  entire  mountainous  relief  has  been  produced  by  the  same  dynamic 
forces  which  caused  the  uplifting  of  the  main  Andes  Range,  modified  by 
subsequent  weathering  and  stream  erosion.  The  easternmost  range, 
known  as  the  Sierra  de  Aguaragtie,  with  its  northern  extension  in  the 
Sierras  de  Santa  Cruz,  constitutes  the  frontal  range,  extending  from  north 
to  south  for  a  distance  of  approximately  300  miles  (483  km.),  with  alti- 
tudes between  1000  and  3000  ft.  (306  and  914  m.)  above  the  level  of  the 
adjoining  plains. 

Extending  eastward  from  the  frontal  range  lie  the  great  plains  (£1 
Gran  Chaco)  of  northern  Argentine,  southeastern  Bolivia,  northern 
Paraguay  and  adjoining  parts  of  Brazil.  'With  a  slight  inclination  to 
the  southeast,  they  stand  at  elevations  varying  from  1600  ft.  (488  m.) 
in  the  south  to  2400  ft.  (732  m.)  above  sea  level  in  the  north.  Slight 
vertical  displacement  has  apparently  taken  place  in  various  sections  of 
the  plains,  as  is  shown  by  the  flexures  in  the  stratified  deposits  of  Quater- 
nary age.  This  movement  has  caused  a  distinct  topography  of  low  rolling 
hills,  partially  eroded  by  subsequent  torrential  stream  water.  Typical 
of  this  topography  are  the  hills  6  miles  (9.6  km.)  to  the  northeast  of 
Aguaray,  and  also  the  hills  of  Ipaguazu  northeast  of  Yacuiva.  They 
stand  between  200  and  300  ft.  (61  and  91  m.)  above  the  surface  of  the 
plains. 

Numerous  small  streams  flow  from  the  deep  narrow  gorges  in  the 
mountains  and  enter  upon  the  plains  with  slackened  gradient.     Most 
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of  these  proceed  for  only  a  few  miles,  as  they  lose  themselves  in  the  deep 
loose  sand  deposits  so  frequent  and  extensive  in  the  flat  country.  Where 
the  water  has  the  opportunity  to  collect  in  volume  before  leaving  the 
*  rocky  beds  in  the  mountains,  more  persistent  streams  flow  with  a  south- 
easterly course  and  find  their  way  eventually  to  the  Paraguay  River. 
Thus  it  is  with  the  Pilcomayo  and  Bermejo  Rivers. 

The  extreme  northern  end  of  the  region  is  within  the  water-shed  of 
the  Amazon  River,  through  the  successive  tributaries  R(o  Grande, 
Rfo  Mamore,  and  Rfo  Madeira. 

» 

Climate 

The  climate  of  this  region  is  subtropical,  with  temperature  variation 
between  40°  F.  in  winter  to  90°  F.  in  summer.  Occasionally  more  ex- 
treme temperatures  of  30^  and  115°  are  experienced,  though  generally 
for  short  duration  only.  The  humidity  of  the  summer  atmosphere  is 
rather  oppressive,  and  rainfall  at  this  season  is  heavy.  The  winter 
months  are  rainless,  to  such  an  extent  that  resident  natives  suffer  from 
lack  of  good  water  for  domestic  purposes.  As  the  region, is  south  of  the 
equator,  the  seasons  are  the  reverse  of  those  in  the  northern  hemisphere. 

It  is  during  the  summer  months  that  the  great  migration  of  insects 
and  animals  takes  place  from  the  tropical  jungles  in  the  north.  The 
most  conspicuous  insects  are  the  mosquitoes,  flies,  and  grasshoppers. 
There  are  several  varieties  of  flies  that  are  inconvenient,  but  their  bite, 
fortunately,  is  not  serious.  Some  malaria  exists,  though  it  is  not  at  all 
so  common  as  in  the  tropical  countries.  On  the  whole,  very  little  sickness 
prevails,  so  the  region  may  be  classified  as  a  healthy  one. 

The  great  post  of  the  country  is  the  grasshopper,  longostay  flying  from 
the  north  in  hordes  of  millionj^,  destroying  all  vegetation  which  may  hap- 
pen to  lie  within  their  path.  No  satisfactory  method  of  combating  them 
has  yet  been  discovered.  Several  plans  are  now  under  investigation  and 
experimentation. 

Inhabitants  and  Industries 

The  inhabitants  may  be  divided  into  three  groups :  Saltanean,  Bolivian, 
and  Indian.  In  addition  to  these  are  found  a  very  small  proportion  of 
foreigners,  such  as  Spanish,  English,  Italian,  Syrian,  French,  and  North 
American. 

The  Saltanean  of  high  class  is  of  Spanish  descent,  proud,  aristocratic, 
courteous,  alert  and  prosperous,  poss(^sslng  these  qualities  perhaps  to  a 
higher  degree  than  most  other  natives  encountered  by  the  writer  in.  his 
travels  south  of  the  Canal.  He  has  distinguishing  characteristics  in 
customs  and  language  that  are  readily  recognized  by  Argentinos  from 
other  regions.     The  laboring  or  peon  class  has  a  considerable  admixture 
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of  Indian  blood,  and  they  make  faithful  and  trustworthy  workers. 
Wages  are  standardized  at  one  peso  (44  e.  gold)  per  day. 

The  high-class  Bolivian  differs  little  from  the  Saltanean.  He  shows, 
however,  a  greater  proportion  of  Indian  blood  as  a  rule,  in  having  a  darker 
skin.  Peon  classes  of  both  countries  have  wandered  across  the  bounda- 
ries to  some  extent;  this  cannot  be  said  of  the  higher  class. 

Here  is  the  home  of  the  Chiriguano  and  Mataco  Indian.  Both  retain 
most  of  their  tribal  customs,  though  the  former  has  undoubtedly  advanced 
by  his  contact  with  civilization.  The  C.'hiriguano  lives  in  houses  equal 
to  those  of  the  civilized  peon  and  he  himself  is  quite  trustworthy.  The 
Mataco,  however,  is  more  deceitful  and  dishonest.  He  will  kill  to  steal 
if  he  feels  assured  that  he  will  not  be  apprehended.  As  he  has  no  perma- 
nent abode  he  wanders  by  groups  or  families,  and  camps  by  the  roadside 
where  the  close  of  day  may  chance  to  find  him.  Both  tribes,  men,  women 
and  children,  are  employed  as  cane  cutters  during  the  sugar  harvest, 
their  employment  being  arranged  for  in  advance  by  the  planter's  traivel- 
ing  agents. 

The  raising  of  sugar,  corn  and  cattle  constitutes  the  chief  occupation 
of  the  people.  While  most  of  the  mountainous  regions  are  uninhabited, 
the  valleys  and  plains  are  well  utilized  in  cultivation  or  grazing.  As  a 
rule,  the  plantation  and  cattle  owners  live  in  the  towns  and  cities  and 
leave  the  property  in  charge  ot  trusted  employees.  Some  enterprises 
are  run  on  an  extensive  scale,  notably  the  sugar  plantations  with  large 
refineries  under  the  same  management.  Thousands  of  acres  of  land  are 
devoted  to  this  product. 

The  custom  of  living  in  small  villages  is  very  popular  with  the  poor 
native.  Every  few  miles  has  its  'group  of  houses  ranging  in  size  from 
3  to  50  habitations.  By  so  living  the  social  tendency  is  satisfied  and  the 
native  need  not  be  far  from  his  work. 

Timber 

A  large  portion  of  this  section  of  the  country  is  covered  with  timber, 
especially  in  the  mountains.  True  tropical  jungle  does  not  exist  in  the 
south,  due  to  the  low  winter  temperatures.  As  one  travels  toward  the 
north,  however,  a  gradual  change  in  the  nature  of"  the  forest  growth  is 
noted,  the  softer  woods  of  the  south  being  replaced  by  the  more  valuable 
hard  woods.     Palms  also  become  more  conspicuous  toward  the  north. 

Approach  and  Accessibility 

The  terminal  at  the  town  of  Embarcaci6n,  m  Argentina,  is  the  nearest 
approach  made  by  a  railroad  to  the  oil  region.  This  road  is  a  narrow- 
gage  line  operated  under  the  management  of  the  'Terrocarril  Central 
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Norte,"  connecting  the  cities  of  Tucumdn,  Salta,  and  Embarcaci6n, 
with  a  junction  point  between  the  latter  two  at  Giiemes.  The  broad- 
gage  hne  of  the  company  "Ferrocarril  Central  Argentina"  connects 
TucumAn  with  Buenos  Aires. 

Another  approach  to  the  field  is  by  way  of  Asunci6n,  the  capital  of 
Paraguay,  which  is  directly  connected  by  rail  with  Buenos  Aires.  The 
distance  from  Asunci6n  to  Yacuiva  is  approximately  455  miles  (732  km.) 
overland,  whereas  Embarcaci6n  is  but  1 14  miles  (183  km.)  Furthermore, 
Asunci6n  is  on  the  opposite  side  of  the  Rio  Paraguay  from  the  field;  the 
river  at  this  point  would  be  difficult  to  bridge. 

Over  the  route  to  Embarcaci6n,  through  passenger  express  service 
runs  twice  weekly  between  Buenos  Aires  and  Salta,  with  direct  connec- 
tion at  Tucumdn.  The  trains  carry  sleeping  and  dining  accommodations 
and  the  trip  requires  36  hr.  to  Salta.  Between  Salta  and  Embarcacidn 
there  is  daily  service  by  slow  train,  requiring  14  hours. 

As  for  treight  service,  considerable  time  is  consumed  and  expense  in- 
curred by  the  necessary  transfer  of  material  from  cars  of  one  gage  to 
those  of  the  other  at  Tucum&n.     Rates  at  present  are  high. 

Rail  distances  between  points  are  as  follows: 

Buenos  Aires  to  Tucumdn 1344  kilometers  (  835      miles) 

Tucumdn  to  Gtiemes 294  kilometers  (  182.6  miles) 

Giiemes  to  Salta 46  kilometers  (    28 . 6  miles) 

Gttemes  to  Embarcaci6n. 223  kilometers  (138.2  miles) 

Buenos  Aires  to  Embarcaci6n 1861  kilometers  (1155.8  miles) 

No  Bolivian  railroads  reach  the  interior  from  the  direction  of  La  Paz; 
therefore  this  route  is  impossible  as  an  approach  for  freight. 

Away  from  the  railroad  lines,  freight  is  carried  by  two-wheeled  carts. 
There  is  considerable  traffic  between  points  in  Argentina  and  Bolivia 
over  the  road  leading  northward  from  Embarcaci6n.  This  road,  in  the 
dry  season,  is  in  bad  condition,  and  worse  in  the  wet  season,  when  it 
becomes  impassable.  The  river  crossings  are  heavy,  due  to  deep  loose 
deposits  of  sand  in  some  and  large  boulders  in  others.  Weak  bridges 
span  the  narrower  gullies  in  some  parts. 

Sand  areas  are  so  numerous  on  the  flat  plains  that  the  road  must  cross 
some  of  them.  The  clay  sections  of  the  road  are  very  badly  rutted  by  the 
heavily  laden  carts. 

An  extension  of  the  railroad  from  Embarcaci6n  would  represent  a 
simple  engineering  problem. 

The  Pilcomayo  and  Bermejo  Rivers  have  beds  about  400  ft.  (122  m.) 
wide  from  bank  to  bank.  Between  these  banks  the  stream  meanders 
from  one  side  to  the  other,  though  on  occasions  of  excessive  rainfall, 
the  entire  bed  may  be  covered.  These  streams  can  not  be  reckoned  on 
for  transportation. 

The  Paraguay  River,  with  the  Parani,  into  which  the  former  empties, 
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is  navigable  throughout  the  .year.  River  boats  drawing  from  4  to  6  ft. 
ply  regularly  between  ABunci6n  and  Buenos  Aires,  a  distance  of  approxi- 
mately 745  miles  (1200  km.).  The  river  is  a  free  trading  routeand  would, 
therefore,  possess  that  advantage  over  the  rail  to  Buenos  Aires.  As 
above  stated,  the  distance  between  the  field  and  the  river  at  Asunci6n 
is  approximately  455  miles  (732  km.). 

Oil  Seepages 

Seepages  of  oil,  and  asphalt  deposits,  have  been  known  to  exist  in 
this  part  of  the  continent  for  many  years.  The  native  Indians  had  used 
it  for  medicinal  purposes  and  knew  of  its  inflammability  before  the  arrival 
of  the  first  Spanish  explorers.  To  this  day,  small  quantities  are  collected 
by  both  Indians  and  civilized  people  for  domestic  Use,  as  the  oil  is  often 
of  such  high  quality  that  it  may  be  used  in  crude  lamps  in  its  natural 
state. 

Several  springs  are  very  persistent  in  their  flow,  though  they  give  only 
two  or  three  quarts,  individually,  per  day.  Among  the  best  known  are 
the  following,  named  in  geographical  order  from  south  to  north : 

Name  of  Creek  Location  ^. 

Galarza Department  of  Oran  (Argentina) 

Iquira Department  of  Oran  (Argentina) 

Agua  Salada  (Ipaquazu) Department  of  Tarija  (Bolivia) 

Los  Monos  (Wlamontes) Department  of  Tarija  (Bolivia) 

Caigua  (Villamontes) Department  of  Tarija  (Bolivia) 

Peima Department  of  Tarija  (Bolivia) 

Oquita Department  of  Sucre  (Bolivia) 

Mandiyuti Department  of  Sucre  (Bolivia) 

Gspejos  (Santa  Cruz) Department  of  Santa  Cruz  (Bolivia) 

With  the  exception  of  the  Agua  Salada  spring,  the  seepages  lie  along 
a  north-south  line  bordering  the  eastern  flank  of  the  Sierra  de  Aguaragiie, 
between  Galarza  Creek,  near  Tartagal  in  Argentina,  and  Espejos  Creek, 
near  Santa  Cruz  in  Bolivia.  The  springs  occur  in  creek  beds,  where  the 
flowing  water  keeps  the  rock  surfaces  clean  and  does  not  aJlow  the  heavier 
residue  from  evaporation  to  clog  the  pores. 

In  addition  to  the  above  springs,  numerous  other  locahties  have  been 
reported  by  competent  ifetives  to  show  signs  of  oil.  These  are  also  in 
creeks  crossing  the  same  line,  and  are  said  to  show  oil  on  the  surface  of 
quiet  water  before  the  drying-up  of  the  streams.  During  the  dry  season 
the  oil  can  sometimes  be  detected  by  odor  from  fresh  soil  at  these  places. 
Among  such  creeks  are  the  following: 

In  Argentina:  Zanja  Honda,  Yeriguarenda,  Yacuy,  Piquirenda, 
Nacatimbay,  Capiazuti,  Carapari  (Itiyuro).  In  Bolivia:  San  Roque(?), 
Caipitand^,  Cuarazuti. 
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In  order  to  collect  the  oil,  the  natives  have  sunk  small  pits,  not  over 
1  cu.  ft.  in  size,  over  the  place  where  it  comes  to  the  surface.  Some  water 
also  collects,  but  the  oil  is  easily  skimmed  off  the  top. 

Quality  of  Oil 

There  is  considerable  range  in  the  quality  of  oil  coming  from  the 
various  springs.  In  general,  the  springs  may  be  divided  into  two  groups 
according  to  the  weight  of  the  oil.     The  light  oils  are  of  light  yellow  or 


Fm.  2.— Sekhaoe  of  oil  on  the  bank  w  Galama  Creek. 

orange  color,  with  greenish  fluoresconce,  and  vary  in  gravity  between  41° 
and  46°  Bauin^.  Heavier  oils  arc  of  deeper  colors,  rcddish-brown  to 
almost  black,  and  also  fluorescent;  their  gravity  varies  Iwtween  20°  and 
27°  Baum^. 

Dr.  Longobardi  gives  the  resuHs  of  tests  (Table  1)  performed  upon 
samples,  the  iiaphth  acontcnts  of  which  had  Ix^n  slightly  reduced  by 
evaporation  at  the  springs. 

Samples  from  the  Agua  SaJada  and  Espejos  springs,  which  have 
\xen  sent  to  the  United  States,  have  sometimes  been  prematurely  dis- 
credited on, account  of  their  apparent  high  gravity. 

Most  of  the  oils  are  of  paraffin  ba.«e,  though  some  of  the  heavy 
ones  contain  some  asphalt.  Usually  a  small  amount  of  sulphur  is 
present. 
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Table  1. — Results  of  Tests  on  Samples  from  Some  of  the  Springs 


Txwality 


Color 


Light  Oils: 

Agua  Salada Amber 

Los  Monos '  Reddish .... 

Caigua Orange 

Espejos Orange 

Heavy  Oils: 

Galarza Dark  brown 

Iquira Brown 

Peinia 

Oquita 


Brown 

Dark  brown 
Mandiyuti '  Red-brown  . 


Gravity 
at   15"  C. 


45°  B6 
42 
41 
46 

23 
20 
26 
27 
26 


Fractional  Distillation 


BpKin 
at 


I        To 
I    30T  C. 
,    Per  cent. 


153°  C. 
160 
158 
154 

195 
235 
152 

180 
178 


91 

78 
79 

78 

15.5 

11 

31 

41 

31 


Over 
300"  C. 
Per  cent. 


9 
22 
21 
22 

84.5 

89 

69 

59 

69 


All  show  greenish  fluorescence.     Distillation  test  by  Engler  method. 


Development 

The  results  of  the  development  attempted  in  the  past  have  been 
unsatisfactory^  principally  due  to  the  lack  of  sufficient  knowledge  on  the 
part  of  the  operators  concerning  the  stratigraphic  and  structural  conditions 
existing  in  the  field.  Wells  have  been  placed  in  localities  where  there 
would  seem  to  be  no  possibility  of  reaching  the  oil  horizons  which  are  in 
evidence  on  adjoining  ground,  and  where  local  structural  conditions 
are  not  particularly  favorable  for  the  accumulation  of  petroleum  below  the 
surface.  Obviously,  such  wells  are  unable  to  give  definite  proof  regard- 
ing the  possibilities  of  the  field  at  large. 

Other  enterprises  have  failed  on  account  of  financial  difficulties,  lack 
of  proper  organization,  or  mismanagement.  A  company  intending  to 
work  in  this  field  should  have  sufficient  capital  to  tide  it  over  excessive 
costs  before  expected  returns.  A  well  of  3000  ft.  (914  m.)  depth  may  be 
calculated  to  cost  between  $65,000  and  $75,000.  Transportation  and 
imported  labor  are  expensive,  and  delays  are  frequent  notwithstanding 
the  large  quantity  of  spare  parts  necessarily  required.  Drillers  must  be 
carefully  selected.  Proficiency  does  not  seem  to  be  a  more  important 
qualification  than  personality  and  adaptability,  for  in  camp  the  compan- 
ionship lyust  be  agreeable  and  modern  conveniences  are  generally  absent. 

Although  thousands  ot  claims  have  been  legally  granted  by  the 
governments  of  Argentina  and  Bolivia,  only  seven  or  eight  honest  attempts 
have  been  made  to  develop  various  sections  of  the  field.  The  most 
conspicuous  work  has  been  that  done  on  the  Galarza,  Capiazuti  and 
Mandiyuti  creeks.     A  brief  discussion  of  these  follows. 
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Galarza    Creek 

The  work  on  Galarza  creek  was  started  by  Sefior  Francisco  Tobar 
in  1907.  The  presence  of  two  natural  seepages  of  oil  induced  him  to 
sink  several  pits  by  hand  in  the  creek  bed  and  on  the  banks  above.  He 
invariably  encountered  a  soft  porous  sandstone,  so  saturated  that  the  oil 
collected  in  the  bottom  of  the  pit.  He  secured  two  portable  rigs  of 
1000-ft.  capacity  and  sank  four  wells.  Dr.  Bonarelli  gives  the  following 
data  regarding  these  wells: 

Well  No.  1. — Depth  reached  188  m.  (617  ft.).  Encountered  two  strata  with 
petroleum;  the  first  at  70m.  (230  ft.),  the  second  at  140  m.  (400  ft.). 

Well  No.  2. — Depth  reached  241  m.  (838  ft.),  encountering  five  strata  bearing  oil. 
(Showings.) 

Well  No.  3. — Depth  reached  75  m.  (246  ft.) ;  nothing  encountered. 

Well  No.  4. — Depth  reached  39.5  m.  (130  ft.),  encountering  oil-bearing  sand  from 
37  m.  (121  ft.)  downward,  and  at  39.5  m.  a  surging  spring  of  gaseous  water  with  taste 
and  odor  of  petroleum. 

Thus  the  drilling  was  unsuccessful.  Nothing  more  than  a  show  of 
oil  was  encountered  below  the  original  oil-bearing  strata  exposed  in  the 
creek  bed  below  the  well  locations. 

Capiazuii  Creek 

Drilling  at  the  side  of  Capiazuti  Creek  was  encouraged  by  the  pres- 
ence of  the  oil  springs  on  Iquira  Creek,  two  miles  to  the  south.  With 
these  springs  the  two  wells  drilled  here  were  evidently  located  by  ** to- 
pographic correlation''  for  they  are  poorly  located  with  respect  to  the 
stratigraphic  and  structural  conditions  of  the  immediate  vicinity. 

The  first  well  was  landed  at  240  m.  (787  ft.)  with  4-in.  casing,  en- 
countering nothing,  and  was  abandoned  on  account  of  the  small  diameter 
at  that  depth.  The  rig  was  moved  westward  about  15  m.  and  landed  at 
the  same  depth  with  10-in.  casing,  when  further  work  was  postponed 
indefinitely. 

These  holes  have  been  sunk  since  early  1912  under  the  manage- 
ment of  the  *^Direcci6n  General"  of  the  Argentine  Government.  The 
rig  was  imported  from  HoUand  and  has  a  capacity  of  750  m.  (2460  ft.). 
The  derrick  is  entirely  of  steel  and  stands  85  ft.  , 

This  same  rig  had  previously  been  used^(1910-1911)  in  drilling  two 
dry  holes  outside  of  the  Capiazuti  canyon.  One  was  located  1  km. 
east  of  the  Iquira  springs,  and  the  other  2  km.  still  farther  east,  in  the 
village  of  Aguaray.  The  first  hole  reached  a  depth  of  133.6^.  (438  ft.), 
encountering  only  water  at  128.2  m.  (420  ft.).  The  second  hole  was 
abandoned  at  46.6  m.  (153  ft.)  on  the  advice  of  Dr.  Bonarelli. 
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Mandiyuti  Creek 


In  1911-12,  the  Farquhar  Syndicate,  organized  for  the  apparent  pur- 
pose of  acquiring  title  to  many  of  th^  largest  Argentine  and  Bolivian 
eDterprises,  obtained  petroleum  concessions  on  Mandiyuti  Creek,  in 
Bolivia.  A  complete  outfit  was  imported  at  Buenos  Aires,  shipped  to 
Embarcacifin  and  hauled  by  mules  a  distance  of  225  miles. 


Fio.  3. — Steel  derrick  on  Capiazdti  Creek. 


One  well  was  drilled  to  a  depth  of  157  m.  (515  ft.),  encountering  a 
considerable  showing  of  oil  at  505  ft.  Drilling  ceased,  and  soon  after 
the  syndicate  went  bankrupt. 

It  is  interesting  to  note  the  difference  between  the  analyses  of  sam- 
ples taken  from  the  springs  and  from  the  bole. 
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FromSprinitB: 

Color:  Reddiah  brown,  with  Rfccnish  fliiorosconcc. 

Density!  26°  Baum6. 

Dialillation  test  (Engler  method):. 

From  178°  to  300°  C 31  per  cent. 

It«3idue,  over  300°  C 69  per  cenL 

From  Drill-hole: 

Color:  Amber,  with  light  greenish  fluorescence. 
Density:  38°  Bautn^. 
Distillation  teat  (same  method): 

From  70°  to  150°  C 18.0  per  cent. 

From  150°  to  300°  C 40.0  per  cent. 

Residue,  over  300°  C 42 ,0  per  cent 

Paraffin  residue,  sulphttr  content 0.129  per  cent 

In  general,  the  oil  encountered  at  depth  may  be  expected  to  be  pf 
higher  quality  than  that  seeping  at  the  surface  in  other  parts  of  the  field. 

Geological  Conditions 

Stratigraphy 
The  surface  of  the  oil  region  is  entirely  covered  by  scdinientaries. 
The  only  signs  of  igneous  rocks  are  a  few  scattering  fragments  to  be  found 


in  the  creek  l>eds,  which  have  evidently  been  transported  from  the  higher 
mountains  of  the  Andes  Iliinge  to  the  west.  Such  transportation  look 
place  previous  to  the  late  dia.strophisni  which  gave  rise  to  topographic 
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features  now  eroded  to  their  present  condition  in  this  '* Sub- Andean'' 
province. 

The  stratigraphy  of  this  area  has  been  a  subject  of  discussion  ror  some 
years  past  by  the  geologists  who  have  worked  here  or  in  close  vicinity. 
Fossil  remains  have  been  found  in  but  one  horizon  sufficient  to  classify 
its  age.  Other  strata  covering  the  greater  part  of  the  area  are  apparently 
non-fossiliferous,  for  diligent  search  has  failed  to  produce  specimens. 
Consequently,  classification  has  largely  been  based  upon  correlation  of 
strata  and  comparative  lithology. 

The  recent  work  of  Dr.  Bonarelli  has  established  the  correctness  of 
the  stratigraphic*  interpretation  previously  given  by  Steinmann  and 
Bodenbender,  though  Bonarelli  has  proceeded  farther  in  differentiation  by 
subdividing  the  groups  formerly  recognized. 

Bonarelli 's  divisions   of  the   Aguaragiie  formations  are  as  follows: 

(J)  Recent  alluvial. 

(c)  Quaternary. 

(d)  Sub- Andean  Tertiary. 

(c)  Upper  sandstone  (Arenisccui  superiores). 

(6)  Calcite -dolomite  horizon. 

(a)  Petroliferous  formation,  or  lower  sandstone. 

^    The  Petroliferous  Formation 

The  term  Formacidn  PetroHfera  was  first  used  by  Brackebusch  in 
his  early  studies  of  the  northern  Argentine  provinces.  He  later  desig- 
nated the  series  "Salta  Series"  (Sistema  de  Salta)  obviously  with  the 
same  stratigraphic  limits  as  signified  by  the  first  name.  This  series 
is  divided  by  Bonarelli  into  a,  fe,  c,  and  d  above,  the  term  Formacidn 
PetroHfera  being  retained  by  him  for  the  present  recognized  oil-bearing 
series.  Steinmann,  who  had  worked  in  the  north  around  Santa  Cruz,  had 
designated  the  series  of  sands  and  shales  underlying  the  calcite-dolomite 
horizon  as  the  '* Lower  Sandstone*'  {Areniscas  Inferiores), 

This  series  is  composed  of  a  succession  of  medium-grained  sand- 
stones with  beds  of  laminated  or  massive  shale.  The  sandstone  is  gen- 
erally massive,  though  sometimes  thinly  bedded,  of  medium  harness, 
and  gray  in  color.  Crossbedding  is  shown  in  a  few  localities.  The  shale 
is  hard,  compact  and  of  bluish-gray  color;  the  thinly  laminated  beds 
often  contain  considerable  sand.  The  color  of  both  sandstone  and  shale 
shows  alteration  to  yellow  or  brown  on  the  surfaces  exposed  to  the 
weather.  Occasionally  marl  in  thin  bands,  and  also  conglomerates 
are  present. 

Bonarelli  estimates  the  total  thickness  of  the  series  to  be  over  6000 
m.  (19,600  ft.)  though  it  is  possible  that  he  has  measured  beds  repeated 
by  folding  and  faulting.  There  can  be  no  doubt,  however,  of  the  first 
2000  meters. 
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Respecting  the  age  of  the  formation,  the  same  author  is  of  the  opinion 
that  it  is  Jurassic,  and  possibly  older.  Steinmann  and  Bodenbender 
considered  it  Cretaceous.  The  preponderance  of  evidence  seems  to  sup- 
port the  latter  view.  Future  work  may  reveal  its  age  with  precision, 
provided  that  fossil  remains  are  found  in  the  beds. 

The  Formaci&n  Petrolifera  is  not  only  the  core  of  the  entire 
Sierra  de  Aguarague  range,  but  also  underlies  the  young  deposits 
of  the  plains  stretching  toward  the  east  from  the  mountains. 
The  oil  seepages  of  this  area,  and  also  others  beyond  this  belt 
to  the  west  and  southwest,  not  included  within  this  paper,  are 
intimately  associated  with  this  formation.  The  exposed  strata  from 
which  the  Agua  Salada  oil  is  flowing  are  probably  of  the  same  age 
and  possibly  of  the  same  series.  Correlation  is  impossible,  however, 
until  fossils  can  be  found,  for  the  intervening  surface  between  Agua 
Salada  and  the  Sierra  de  Aguarague  is  completely  covered  by  Quaternary 
deposits. 

This  formation  appears  to  be  the  basal  series  of  the  region.  There 
has  been,  as  yet,  no  recognition  of  an  older  series  to  the  northeast  of  the 
province  of  Tucumdn. 

The  Caldte-^olomite  Horizon 

Steinmann  and  Bonarelli  have  both  recognized  the  series  Horizonle 
calcdreo-^blcmUico  in  the  northern  and  southern  divisions  of  this  region, 
respectively,  overlying  conformably  the  petroliferous  formation.  It  is 
described  by  the  latter  as  follows:  "A  thin  formation  of  calcitic  and  dolo- 
mitic  strata  with  rare  intercalations  of  other  lithologic  types;  white  or 
reddish,  beds  of  variable  thickness,  very  compact,  with  amorphous  struc- 
ture, conchoidal  fracture,  frequently  with  bands  or  nodules  of  jasper." 

Steinmann  places  the  age  of  this  horizon  as  Cretaceous,  on  the  evi- 
dence of  fossils  which  he  encountered  within  the  formation.  The  thick- 
ness of  the  beds  varies  from  2  to  15  ft.  (0.6  to  4.6  m.).  While  it  is  consid- 
ered a  persistent  stratum,  it  is  sometimes  difficult  to  recognize,  possibly 
because  of  local  variations  in  character  or  on  account  of  the  ease  with 
which  it  may  be  covered  from  view  by  debris. 

The  Upper  Sandstone 

The  calcite-dolomite  horizon  is  overlain  unconformably  by  the  Upper 
Sandstone  {Areniscas  superiores  of  Steinmann  and  Bodenbender).  This 
series  is  non-fossiliferous  and  is  composed  chiefly  of  sandstone  and  shale. 
Bonarelli  describes  it  as  follows:  "This  formation  begins  at  the  bottom 
with  a  series  of  strata  mostly  sandy  and  conglomeratic;  overlain  by  a 
series  of  yellowish  and  whitish  sandstones,   by  impure  sandy  marls, 
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and  above  this  a  series  constituted  by  repeated  alternation  of  soft  sand- 
stone reddish;  yellowish  and  gray  with  marls  and  sandy  or  limey  shales, 
more  or  less  compact."  The  reddish  and  yellowish  hues  are  due  to 
weathering.  The  thickness  of  the  entire  series  is  approximately  600  ft. 
(183  m.) 

The  Upper  Sandstone  probably  belongs  to  the  Tertiary  Epoch.  Stein- 
mann  did  not  differentiate  the  specific  groups  which  he  found  associated 
with  petroleum  but  he  stated  that  he  believed  them  to  be  Cretaceous, 
with  Tertiary  possibly  in  the  upper  part. 

Sub-Andean  Tertiary 

Dr.  Bonarelli  appears  to  have  been  the  first  to  have  differentiated 
the  Terdario  svbandino  series  which  overlies  the  Upper  Sandstone  with 
apparent  conformity  throughout  the  Aguaragiie  region.  The  series 
consists  largely  of  thickly  bedded,  fine-grained,  white,  soft  sandstone, 
interbedded  with  soft,  light-colored  shales.  Some  shale  beds  contain  a 
small  amount  of  sand  or  lime  material.  No  fossils  have  been  found  in 
the  %ries. 

This  series  is  mainly  of  interest  with  respect  to  the  topography  of 
the  area.  It  forms  the  crest  of  the  Sierra  de  Aguaragile  and  is  subject  to 
rapid  erosion  by  mountain  streams  which  consequently  run  in  steep,  nar- 
row gorges.  Along  the  top  of  the  ridge,  throughout  the  length  of  the 
range,  the  series  is  exposed  in  almost  vertical  cliffs  from  300  to  700  ft. 
(91  to  213  m.)  high.     The  entire  thickness  reaches  over  6000  ft.  (1829  m.) . 

Quaternary  and  Recent 

The  extensive  Chaco  plains  are  covered  with  loosely  stratified,  hori- 
zontal beds  of  sand,  clay  and  gravel.  This  formation  probably  measures 
at  least  400  ft.  (122  m.)  in  thickness  and  has  evidently  been  laid  down  upon 
previously  peneplained  surface  of  older  rocks,  including  the  Formacidn 
Petrolifera,  In  some  localities  the  strata  show  slight  flexures.  A  typical 
exposure  can  be  seen  at  the  Itiyuro  Creek  near  the  village  of  Campo 
Duran,  to  the  northeast  of  Aguaray. 

The  recent  alluvial  deposits  of  loose  clay,  sand,  and  gravel,  unstrati- 
fied,  have  been  laid  down  in  various  sections  of  the  plains,  especially  along 
the  fool  of  the  range,  by  streams  which  are  capable  of  carrying  consider- 
able detritus  during  the  rainy  season. 

Structure 

The  regional  structure,  consisting  of  extensive  thrust  faults,  anticlinal 
folds  and  synclinal  folds,  is  not  particularly  difficult  of  interpretation  and 
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is,  therefore,  comparatively  well  known.  The  local  features  often  pre- 
sent more  difficult  problems,  owing  to  the  obscurity  of  the  older  strata 
under  younger  deposits  and  to  the  lack  of  good  horizon  markers  in  the 
various  groups. 

The  great  thrusts  originating  below  the  Pacific  Ocean  off  the  west 
shore  of  the  continent  have  pushed  up  the  Andes  Range,  a  series  of 
parallel  mountain  ridges  extending  from  north  to  south,  producing 
folding  and  faulting  of  the  sedimentaries  previously  laid  horizontally 
over  the  area.  The  effects  of  the  major  thrusts  have  been  transmitted 
toward  the  east,  and  perhaps  on  account  of  a  greater  rigidity  of  formations 
at  this  latitude,  the  resultant  disturbances  stand  out  so  prominently 
at  the  great  distance  from  the  axis  of  the  major  ranges. 

The  folding  of  the  Sierra  de  Aguarague  may  not  have  been  syn- 
chrqpous  with  the  upheaval  of  the  main  range.  The  structural  features  of 
the  Aguarague  were  produced  at  the  end  of  the  Cretaceous  period,  and 
smaller  movements  have  probably  taken  place  periodically  since  that 
time.  This  is,  no  doubt,  the  cause  of  frequent  earthquakes  in  the 
region  today. 

A  sketch  map  by  Dr.  Bonarelli,  showing  the  structural  features  of  the 
Argentine  portion  of  the  Sierra  de  Aguaragtie  and  adjoining  territory 
to  the  east  and  west,  is  reproduced  in  Fig.  5. 

The  strong  thrusts  have  upturned  the  petroliferous  formation  along 
the  Aguarague  Range  so  that  they  are  now  standing  at  75°  or  higher, 
dipping  east  or  west,  with  a  strike  of  N.  10°  E.  Stresses  have  been  greatly 
relieved  by  a  series  of  thrust  faults  between  the  ranges  to  the  west  and 
along  the  eastern  flank  of  the  Aguarague.  The  frontal  range  does  not 
mark,  however,  the  eastern  limit  of  the  adtion  of  the  thrusts,  for  there  is 
evidence  of  steeply  dipping  strata  underlying  the  Quaternary  deposits  of 
the  Chaco  plains,  at  least  within  a  certain  radius  of  the  range. 

The  Sierra  de  Aguaragtie  fault  extends  along  the  eastern  flank  of  the 
range  for  almost  its  entire  length.  It  plays  the  important  r61e  of  aiding 
the  petroleum  to  the  surface  at  the  numerous  springs.  In  Argentine,  the 
fault  plane  has  a  strike  of  approximately  N.  20°  E.  and  swings  to  due  north 
in  Bolivia.  The  dip  is  to  the  west,  varying  between  40°  and  60°.  A 
thrust  displacement  of  over  1500  ft.  (457  m.)  has  taken  place. 

The  calcite-dolomite  horizon  accompanied  the  underlying  formation 
in  its  distortions,  as  it  had  previously  been  deposited  conformably  upon 
them. 

The  upper  sandstone  series  presents  a  different  aspect  from  the  lower 
strata.  With  a  strike  varying  between  N.  10°  E.  and  N.  26°  E.,  it  has  a 
westerly  dip  ranging  from  3°  to  30°  in  the  south  and  north  respectively. 
This  formation  is  oil-bearing  on  dalarza  Creek  at  the  *'Tobar  wells." 
Migration  has  taken  place  from  the  older  strata  below. 

The  Sub-Andean  Tertio^ry  series  has  a  strike  conforming  to  that  of  the 
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upper  sandstone,  with  a  dip  varying  between  5°  and  35°.  This  ai 
yojnger  groups  have,  so  far  as  ia  known  at  present,  no  associatioi 
petroleum. 


During  a  period  as  lato  an  the  Pleistocene,  the  central  part 
South  American  continent  was  coveivd  by  jiii  extensive  conti 
sea.  In  northern  Argentine  and  southoawterii  Bolivia,  the  surfa< 
been  previously  well  base-leveled  with  but  few,  if  any,  places  rem 
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of  sufBicient  height  to  escape  immersion  in  the  Pleistocene  sea.  Later, 
the  interior  of  the  continent  underwent  gentle  uplifting  to  its  present 
level.  The  beds  are  not  absolutely  horizontal,  however,  as  slight  flexures, 
anticlinal  and  synclinal,  have  been  observed  to  cover  extensive  areas. 

Summary 

Extending  from  northern  Argentine  northward  into  central  Bolivia  is  a 
belt  of  petroleum  seepages.  On  account  of  the  remoteness  of  the  district 
it  has,  heretofore,  been  httle  considered  by  oil  operators.  The  regional 
geology  is  comparatively  well  understood  but  the  local  features  have  not 
been  carefully  detailed. 

Development  work  in  the  past  has  been  done  on  an  unscientific  basis 
and  has  led  to  failures.  At  the  present  time,  access  to  the  region  is  some- 
what difficult  but  no  serious  problem  would  be  encountered  in  improving 
the  conditions.  The  nearest  railroad  terminal  is  at  Embarcaci6n,  114 
miles  (183  km.)  south  of  the  Bolivian  border,  or  72  miles  (116  km.) 
from  the  nearest  manifestation  of  petroleum  in  natural  springs. 

The  oil  is  of  high  quality  and  the  seepages  occur  in  creek  beds  along  the 
Sierra  de  Aguarague  fault,  and  at  other  isolated  places. 

Native  labor  is  good  and  government  policies  are  sympathetic  toward 
foreign  exploitation. 

Though  the  structural  features  of  the  region,  as  a  unit,  have  been 
worked  out  by  reconnaissance  surveys,  there  still  remain  many  local 
sections  upon  which  no  detail  study  has  been  made. 

Several  small  areas  have  been  proved  unfavorable  for  production, 
though  the  region  as  a  whole  cannot  be  condemned  on  this  account. 
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Recent  Geologic  Deyelopment  on  the  Mesabi  Iron  Range, 

Minnesota 

The  following  correspondence  relating  to  a  paper  bearing  the  above 
title,  presented  by  J.  F.  Wolff,  at  the  New  York  meeting  in  February, 
1917,  and  published  in  the  Transactions y  Volume  LVI,  page  142,  has 
passed  between  the  author  of  the  paper,  and  Mr.  Anson  G.  Betts,  and 
is  interesting,  although  it  was  received  much  too  late  for  incorporation 
in  its  proper  place  in  Volume  LVI. 

Anson  G.  Betts,  Asheville,  N.  C. — 1.  I  should  like  to  ask  Mr. 
Wolff  if  he  finds  from  analysis  of  the  iron  formation  and  of  the  iron  ore, 
and  from  the  relative  amounts  of  each  in  each  unit  area  of  the  formation, 
unleached  and  after  leaching,  that  the  iron  remains  entirely  insoluble  and 
the  total  quantity  still  remains  present;  or  whether  he  finds  that  some  of 
the  iron  is  removed,  or  possibly  even  added  by  deposition  from  the  water 
passing  through  the  formation. 

2.  The  water  that  passed  into  the  iron  formation  had  to  go  some- 
where; was  it  absorbed  by  underlying  formations  through  hydration, 
or,  after  passing  through  the  ore  formation,  did  it  come  to  the  surface 
in  springs  at  a  lower  elevation,  or  how  did  it  escape  from  the  ground? 

3.  I  should  like  to  ask  Mr.  Wolff  whether  he  finds  that  the  iron  forma- 
tion in  the  sedimentary  series  does  not  come  next  to  the  quartzites  and 
generally  between  the  quartzites  and  slates. 

J.  F.  Wolff,  Duluth,  Minn. — 1.  In  common  with  others,  you 
appear  to  have  some  hesitancy  in  accepting  the  fact  of  the  removal, 
by  solution,  of  the  enormous  quantity  of  silica  which  has  been  leached 
out  of  portions  of  the  Biwabik  iron  formation,  thus  forming  orebodies 
of  merchantable  iron  ore.  I  believe  that  even  Dr.  Waldemar  Lindgren 
once  hesitated  to  accept  this  fact.  However,  the  evidence  is  so  simple 
and  absolutely  conclusive  that  the  fact  is  established  beyond  all  question. 
At  the  contact  of  orebodies  with  their  rock  walls,  the  bands  of  iron  ore 
in  the  orebody  can  be  seen  in  contact  with  the  corresponding  bands  of 
original  iron  oxide  in  the  rock  wall,  and  the  chert  layers  in  the  rock  wall 
can  be  seen  to  give  place  to  fine  granular  material  (fine  silica  and  iron 
oxide)  and  pore  space.  This  is  especially  noticeable  where  slumping 
at  the  rock  walls  has  not  been  so  great  as  to  displace  the  layers  in  the 
orebody  from  their  contact  with  their  corresponding  layers  in  the  rock 
wall. 

Although  complete  analyses  of  the  entire  original  rocks  in  the  iron 
aeries  have  not  been  made  in  any  place,  to  my  knowledge,  from  the  best 
data  at  hand  as  to  the  average  analysis  of  the  Biwabik  series  and  the 
corresponding  average  analysis  of  orebodies  derived  from  them,  I  have 
computed  that  the  total  iron  per  unit  of  area  has  remained  the  same  in 
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the  orebodies  as  it  was  in  the  original  rocks  from  which  the  orebodies 
have  been  derived.  In  other  words,  there  has  be6n  practically  no  re- 
moval of  iron,  although  of  course  secondary'  iron,  principally  in  the  form 
of  the  hydrated  oxides,  is  found  in  nearly  all  orebodies. 

2.  Regarding  the  circulation  of  water  in  the  ore  formation,  no 
theory  need  be  advanced,  for  there  are  facts  at  hand  which  indicate  quite 
certainly  what  that  circulation  was. .  In  a  series  of  articles  published 
in  the  Engineering  and  Mining  Journal^  July  17  to  August  7,  1915,  you 
will  find  a  great  deal  of  information  regarding  the  detailed  geology'  and 
engineering  practice  of  the  Mesabi  Range.  In  the  issue  of  Aug.  7, 
1915,  you  will  find  a  diagram  showing  the  probable  circulation  of  water 
in  the  Biwabik  iron  formation,  which  circulation  resulted  in  the  develop- 
ment of  orebodies.  I  have  pointed  out  therein  that  drilling  through  the 
Virginia  slate,  which  caps  the  Biwabik  formation  on  the  south,  in  several 
places  has  developed  artesian  wells,  showing  that  water  is  impended 
under  the  Virginia  slate. 

I  have  also  pointed  out  that  toward  the  south  side  of  the  outcrop  of 
the  iron  formation  many  fissure  orebodies  have  been  found  and  individual 
drill  holes  have  penetrated  a  large  thickness  of  ore  material  .of  rather  low 
grade,  and  that  these  fissure  orebodies  and  isolated  drill  holes  penetrating 
decomposed  iron  formation  are  the  places  where  the  underground  water, 
which  has  effected  the  concentration  of  the  orebodies,  has  risen  again  to 
the  surface  in  an  artesian  circulation.  Moreover,  recent  explorations 
have  shown  that  the  large  trough  orebodies  become  narrow  toward  the 
south,  or  Virginia  slate,  side  of  the  outcrop,  and  these  channels  represent 
the  lower  ends  of  the  artesian  circulation.  Furthermore,  these  channels 
contain  ore  or  ore  formation  of  a  very  inferior  grade,  as  a  rule,  as  compared 
with  the  ore  in  the  larger  or  main  orebodies  farther  up  the  dip  of  the  iron 
formation.  Of  course  these  facts  as  to  the  original  circulation  of  ground 
waters  are  not  susceptible  of  absolute  demonstration  but  rather  are 
inferred  from  knowledge  of  character  and  structure  of  orebodies,  and 
they  are  recognized  as  the  most  probable  explanation  of  underground 
circulation  in  the  iron  formation  by  those  best  qualified  to  judge  of  them 
on  the  Mesabi  Range. 

I  do  not  believe  that  the  area  was  cut  up  extensively  by  (Erosion, 
because  at  the  present  time  the  local  relief  of  the  top  of  the  iron  formation 
is  practically  negligible.  In  other  words,  there  are  no  marked  hills  and 
valleys  such  as  would  account  for  underground  drainage.  There  has 
been  a  considerable  amount  of  hydration,  the  average  loss  on  ignition  be- 
ing perhaps  6  per  cent.  However,  such  hydration  probably  would  result 
in  throwing  the  silica  out  of  solution  and  therefore  we  should  have  large 
amounts  of  secondary  silica  present  in  the  orebodies.  There  is  no  great 
amount  of  secondary  silica,  so  I  conclude  that  the  amount  of  water  taken 
up  in  hydration  of  the  ores  is  relatively  very  small  as  compared  with  the 
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amount  necessary  to  effect  th(^  solution  and  transportation  of  the  silica. 
Where  the  silica  has  gone  to,  of  course,  no  evidence  at  hand  tells,  but 
we  can  only  assume  that  it  flowed  out  onto  the  surface  at  the  point  of 
discharge  of  the  artesian  water. 

3.  From  what  we  know  of  the  pre-Cambrian,  Algonkian  metallo- 
paphic  series  of  rocks  in  different  parts  of  the  world,  I  believe  that  most 
geologists  who  are  familiar  with  these  rocks  will  look  for  iron  formation 
in  any  sedimentary  rocks,  whether  they  be  slates,  quartzites,  or  limestones, 
or  any  combination  of  these  three  which  can  be  determined  to  be  of  Algon- 
kian  age.  In  other  words,  to  answer  your  last  question  specifically,  if  I 
found  quartzite  and  slate  in  an  area  of  Algonkian  rocks,  I  would  examine 
the  area  closely  for  evidence  of  iron  formation,  because  we  know  that, 
especially  in  North  and  South  America  and  Africa,  and  probably  in  East- 
ern Asia  also,  iron  formations  occur  in  sedimentary  series  in  pre-(^am- 
brian,  Algonkian  rocks. 
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INDUSTRIAL  SECTION 

This  department  is  devoted  to  material  concerning  the  products  or  operations 
of  manufacturers,  which,  in  the  estimation  of  the  Editor,  is  of  news  value  to  the 
mining  and  metallurgical  field,  but  does  not  come  within  the  scope  of  the  main 
editorial  section  of  the  Bulletin. 

Manufacturers  are  invited  to  submit  to  the  Editor  items  descriptive  of  new 
equipment  or  processes,  large  or  significant  installations,  and  similar  material 
of  news  character.  If  found  available,  items  thus  furnished  will  be  published  in 
this  section  without  charge,  subject  to  such  editorial  revision  and  condensation 
as  may  be  necessary. 

In  cases  where  illustrations  are  required,  cuts  of  the  proper  size  should 
accompany  the  text  matter. 
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Bulletin  No.  237,  issued  by  the  Jeffrey  Manufacturing  Co.,  of  Columbus, 
Ohio,  describes  a  chain-bucket  elevator  and  conveyer,  containing  a  number  of 
new  features  in  design  and  construction.  As  most  commonly  installed,  the  con- 
veyer includes  two  vertical  legs  and  two  horizontal  spans,  tripping  devices  being 
used  to  dump  the  buckets  at  any  desired  point  on  the  upper  horizontal  span.  The 
principal  points  of  improvement  in  the  latest  design  refer  to  the  construction  of 
the  links,  rollers,  and  bushing.  The  design  of  the  roller  bearing  with  its  bushing 
and  its  method  of  attachment  to  the  bucket  and  links  is  shown  in  Fig.  1. 
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The  two  hardened  steel  bushings  are  assembled  one  within  the  other,  the 
outer  one  fixed  to  the  inside  bars  and  the  inner  bushing  fixed  to  the  outside  bars. 
The  outer  bushings  serve  as  bearings  for  the  chain  rollers,  while  the  inner  bushings 
act  as  chain  pins  and  receive  the  carrier  cross  rods.  It  is  to  these  cross  rods  that 
the  chains  are  readily  assembled  by  means  of  malleable  washers  and  large  cotter 
pins  on  each  side  of  the  chain  joints — the  cotter  pins  passing  through  extensions 
of  the  inner  bushings  beyond  the  outside  bars  and  down  through  the  cross  rods. 
Lugs  in  the  steel  side  bars  are  locked  tight  to  notches  in  both  end^  of  the  bushings. 

(2  )  [Continued  on  second  following  page.] 
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Thus  all  wear  is  confined  to  the  bushings,  which  may  be  replaced  after  long 
service  and  a  practically  new  chJain  obtained  at  very  little  cost. 

The  buckets  are  made  of  malleable  iron  for  handling  coal  and  ashes,  and  of 
gray  steel  for  handling  hot  materials;  edges  and  corners  are  reinforced  for  addi- 
tional strength.  The  dimensions  of  three  sizes  carried  are  shown  in  the  following 
table: 


Buckets 


Width,  In. 


Length,  In. 


ChainB 


Pitch,  In. 


Dia.  Rollers,  In. 


Carrying  Capacity  for 
Coal,  Tons  per  Hour 
at  50  Ft.  per  Min. 


16 

18 

18 

5 

30 

18 

24 

24 

6 

50 

24 

24 

24 

6 

70 

The  power  requirements  of  the  conveyer  are  given  in  a  few  instances.  The 
Transue  Williams  Steel  Forging  Corporation,  Alliance,  Ohio,  has  an  18  by  24-in. 
carrier  with  a  48-ft.  vertical  lift,  and  165-ft.  horizontal  span,  which  carries  50  tons 
of  crushed  coal  per  hour  with  an  expenditure  of  6  to  7  h p.  The  Solar  Refining 
Company,  of  Lima,  Ohio,  has  a  24  by  24-in.  carrier  with  vertical  lift  of  66  ft. 
and  horizontal  run  of  107  ft.,  handling  70  tons  of  crushed  coal  per  hour  with 

8  to  ro  hp. 

ROTURBO  CENTRIFUGAL  PUMPS 


Bulletins  53  and  54  of  the  Manistee  Iron  Works  Co.,  Manistee,  Mich.  (50 
Church  St.,  New  York),  besides  describing  the  Roturbo  pumps  in  detail,  discuss 
the  fundamental  reasons  for  their  superiority  when  working  under  adverse  and 
variable  conditions  as  to  lift,  volume,  speed,  etc. 

Hitherto  centrifugal  pumps  have  fallen  short  of  the  requirements  of  many 
problems  due  to  their  tendency  to  wear  and  consequent  loss  of  efficiency  when 
dealing  with  gritty  water;  also  because  of  the  lack  of  self-regulation  or  automatic 
adjustment  to  varying  heads.  Self-regulation,  when  attempted,  should  be 
secured  with  the  highest  average  efficiency  over  a  wide  range  of  duty. 

Until  about  15  years  ago  it  was  generally  agreed  that  centrifugal  pumps  were 
suitable  only  for  low  lifts  and  large  volumes  of  water.  No  doubt  the  delayed 
development  was  largely  due  to  the  fact  that,  to  get  the  best  results  from  a  cen- 
trifugal pump,  impellers  should  be  of  small  diameter  running  at  high  speed,  rather 
than  of  large  diametere  running  at  low  speed,  but  until  the  advent  of  the  electric 
motor  and  steam  turbine  there  was  no  means  of  driving  centrifugal  pumps  at  the 
necessary  speed  except  through  belting  or  gearing,  with  their  inseparable  diffi- 
culties and  losses  in  transmission,  which  neutralized  the  advantages  aimed  at  in 
the  pumps. 

Perhaps  the  defect  which  has  been  the  most  difficult  to  overcome  has  been 
the  fact  that  it  would  work  at  its  best  only  at  the  exact  head  for  which  it  was 
designed,  the  reason  of  this  being  that  the  blades  of  the  impeller  were  shaped  so 
as  to  pass  a  certain  amount  of  water  with  the  minimum  frictional  loss,  due  to 
cavitation;  but  if  the  head  is  reduced,  a  greatly  increased  volume  of  water  passes 
and  the  impeller  then  becomes  unsuitable  for  the  increa.sed  speed  of  the  water 
through  it  and  begins  to  act  as  a  water  brake,  thus  creating  an  overload  on  the 
driving  machine.  Consequently  a  large  margin  of  power  in  the  driver  is  usually 
specified  to  evade  this  defect. 

It  was  attempted  to  overcome  these  conditions  by  designing  the  impeller  with 
the  blades  bent  rearward  so  as  to  reduce  the  brake  effect.  This  necessitated  in- 
crease in  the  sj)eed  of  the  impeller  to  comix'nsate  for  the  slip  of  the  water,  and 
beyond  a  certain  amount  of  recurvature  the  capacity  of  the  pump  was  greatly 
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reduced  and  the  internal  friction  of  the  impeller  increased,  with  consequent  loss 
of  head  at  anything  but  a  restricted  range  of  service. 

The  problem  of  varying  heads  has  been  completely  solved  by  the  Rees  Roturbo 
pressure-chamber  impeller,  which  was  introduced  in  Europe  in  1907.  The  char- 
acteristic feature  of  this  pump  is  that  it  is  a  true  turbine  pump,  that  is  to  say, 
the  rotor  has  a  strong  turbine  effect.  This  is  secured  by  making  the  rotor  of 
large  capacity  for  storing  water  which  is  maintained  by  rotation  at  a  constant 
maximum  internal  pressure  with  the  minimum  amount  of  loss;  consequently, 
instead  of  throwing  away  the  surplus  kinetic  energy  of  the  water  discharged  when 
the  head  of  delivery  is  reduced,  this  energy  is  utilized  before  the  water  leaves  the 
pump  casing. 

In  a  pump  so  constructed,  it  is  found  that  the  power  absorbed  when  running 
at  a  constant  speed  remains  practically  constant  for  all  heads  of  discharge  and 
heights  of  suction,  and  never  appreciably  exceeds  that  required  for  the  total  head 
for  which  the  pump  is  designed.  Thus,  such  a  pump  is  self-regulating,  it  being 
impossible,  by  any  variation  of  head  or  suction  lift,  to  throw  any  excessive  load 
on  the  driving  motor.  In  the  characteristic  curve  of  the  Roturbo  pump,  the 
power  rises  to  a  maximum  at  about  normal  head  and  volume,  but  the  head  can 
be  reduced  to  any  extent  without  affecting  the  power  curve,  and  the  discharge 
can  be  reduced  below  the  atmospheric  line,  into  vacuum,  without  any  effect 
except  reducing  the  power  required  for  the  motor. 

The  design  of  the  Roturbo  pump  differs  from  the  ordinary  impeller  or  flat 
disc  runner,  which  is  formed  with  the  main  object  of  securing  velocity  of  the  wat^r 
in  the  expanding  channels  of  the  fixed  casing.  With  the  Roturbo  pressure- 
chamber,  the  water,  after  being  picked  up  at  the  eye,  becomes  practically  station- 
ary, relative  to  the  pressure-chamber  itself,  thus  eliminating  friction  losses,  and 
generating  a  pressure  by  centrifugal  force.  The  inner  portion  of  the  impeller, 
between  the  eye  and  the  largest  section  of  the  pressure-chamber,  may  be  looked 
upon  as  a  centrifugal  pump  proper  and  the  blades  of  this  portion  are  designed 
like  those  of  an  ordinary  centrifugal  pump.  The  rim  portion,  beyond  the  pres- 
sure-chamber, is  designed  as  a  reaction  turbine,  having  rearwardly  directed  noa- 
zles,  discharging  from  the  pressure-chamber. 

The  pump  is,  therefore,  always  discharging  with  a  constant  pressure,  which 
is  the  ideal  condition  for  a  centrifugal  pump,  and  the  turbine  is  always  discharg- 
ing from  a  constant  pressure,  which  is  the  ideal  condition  for  a  turbine.  The 
result  of  a  combination  of  a  pump  and  turbine,  with  a  pressure-chamber  between 
them,  is  that  the  self-regulation  is  perfect,  and  at  any  heads  lower  than  normal 
duty  the  power  taken  from  the  motor  is  prevented  from  rising.  As  the  speed  of 
the  water  in  passing  through  the  pressure -chamber  is  reduced  to  a  minimum, 
a  high  efficiency  is  secured  without  the  necessity  of  machining  or  polishing  blades 
or  surfaces.     The  internal  wear  is  also  minimized. 

The  Roturbo  pumps  are  used  for  pumping  sewage,  mine  drainage,  boiler  feeds, 
pressure  augmentors,  for  city  service,  fire  protection,  dock  pumping,  cooling 
towers  and  condensing  plants,  etc.  Due  to  the  self-regulating  characteristics  of 
this  pump  the  streams  can  be  delivered  through  any  number  of  pipes  without 
overloading  the  engine  when  the  head  is  reduced.  Consequently,  the  maximum 
power  of  the  engine  can  be  utilized  at  all  times,  no  matter  what  the  head  may  be, 
since  it  runs  at  constant  speed. 

The  Roturbo  pumps  are  made  of  single-  and  multi-stage  types,  vertical  and 
horizontal,  and  are  usually  designed  to  be  direct-connected  to  a  motor. 
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Shaft  Sinking  and  Mine  Development 
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Doni  Waste  [xplosives ! 


TAMP  each  charge  thoroughly  to 
confine  the  full  force  of  the 
blast  and  use  the  explosive  partic- 
ularly designed  for  your  kind  of 
blasting  operation.  One  means  of 
conserving  is  to  use  Red  Cross  Ex- 
plosives.    Another  economy  is  to 

Fire  Charges  Electrically 

There  is  no  reason  for  using  dyna- 
mite of  over  40%  or  60%  strength 
when  the  same  or  better  results  can 
be  accomplished  with  a  grade  of  less 
strength. 

And  electric  firing  with  dependable 
Du  Pont  blasting  machines  and  elec- 
tric blasting  caps,  is  surer  and  safer. 

Our  High  Explosives  Booklet  and  our 
Blasting  Supplies  Catalog  will  advise 
what  will  best  serve  you.  A  postal 
request  will  bring  you  free  copies. 


E.  I.  du  Pont  de  Nemours  &  Co. 

Powder  Makers  Since  1802 

Wilmington,  Delaware 

[Please  mention  this  bulletin  when  writing  advertisers.]  (13) 


THE  MINING  AND  METALLURGICAL  INDEX 

Queensland  mining  industry.    Review  of  the  year  1917-1918.    Qtteensland  Gwt. 

Min.  Jour.  (Mar.  15,  1918).  19,  99-116. 
Queensland  State  mining  and  boring.    Australian  Ind.  &  Min,  Standard  (Apr.  4, 

1918),  69,  304. 
Rastall,  R.  H.    Genesis  of  tungsten  ores.    Geological  Mag.  (June,  1918),  6, 241-246. 

Serial. 
Ravenshaw,  H.  W.    Some  useful  instruments  for  colliery  power  plants.     Trans. 

Inst,  of  Min.  Engrs.  (1918),  66,  99-116;  Iron  <fc  Coal  Trades  Rev.  (Mar.  15, 1918), 

96,  284^-285. 
Recovery  of  coal  in  America.    Sci.  &  Art  of  Min.  (May  4,  1918),  28,  378. 
Recovery  of  French  mines  and  coking  plants.    Gas  World  (May  5,  1918),  66, 18. 
Relative  minerals  control  bill.    Arizona  Min.  Jour.  (May,  1918),  1,  7-11. 
Rhodesian  mining  and  the  war.    S.  African  Min.  Jour.  &  Eng.  Rec.  (Apr.  6,  1918), 

27,  737. 

Rhodesian  mining  industry,  review.    S.  African  Min.  Jour.  &  Eng.  Rec.  (Mar. 

23,  Apr.  13j  1918),  27,  684,  773. 
Rice,  C.  T.    Fixing  a  chute  mouth  without  emptying  chute.    Eng.  &  Min.  Jour. 

(May  18,  1918),  106,  923. 
Rice,  C.  T.     Recovering  caved  stopes  in  narrow  veins.     I.  Eng.  &  Min.  Jour.  (June 

15,  July  6,  1918),  106,  1069-1076;  106,  1-7.    Serial. 
RiCHAADs,  A.  F.  W.    Care  and  testing  of  colliery  cables.    Iron  <fc  Coal  Trades  Rev. 

(Mar.  22,  1918),  96,  303-306. 
Ries,  H.    Vanadium,  ores,  occurrence  and  uses.     Mineral  Foote  Notes  (May,  1918), 

2,  3-11. 
Roberts,   E.   I.    Exhaust-steam  turbine  installations  at  coal  mines.     Coal  Age 

(June  15,  1918),  18,  1101-1106.    Serial. 
Robinson  D^ep,  year  with  the.    S.  African  Min.  Jour.  &  Eng.  Rec.  (May  4,  1918), 

28,  4. 

RuppRECHT.  F.  N.     Gravity  track  system  at  anthracite  coal  breakers.     Eng.  Netos- 

Rec.  (May  23,  1918),  80,  1003-1005. 
Salt  domes,  theory  of  volcanic  origin.    Bull.  Am.  Inst.  Min.  Engrs.  (July,  1918),  1147. 
Scott,  J.     Fluorspar.     Its  crystallizations  and  value.    Foundry  Trade  Jour.  (Apr., 

1918),  20,  211-212. 
Seeward,  F.     Pit    prop>s   and   supports.     British    Pat.   114640.     lUus.  Off.  Jour. 

(June  5,  1918),  931. 
Shaft  hoist  equipment  to  increase  output.     Coal  Ind.  (May,  1918),  1, 177-178. 
Shaft  sinking  through  quicksand.     Coal  Age  (May  11,  1918),  13,  891-892. 
Sherman,  G.    Some  lessons  taught  the  mming  industry  of  the  Southwest.    Arizona 

Min.  Jour.  (May,  1918),  1,  3-6. 
Sherman,  P.  M.     Development  of  the  Hazard  coal  field.     Coal  Ind.  (June,  1918), 

1,  222-223. 
Silver  bill  debate  in  the  House  of  Representatives.     Min.  &  Sci.  Press  (May  11, 

1918),  116,  659-660. 
Small  mechanical  sampler.     Min.  &  Sci.  Press  (June  15,  1918),  116,  830. 
Smith.     Coal  mining  in  South  Africa.     Mine  <fc  Qtuirry,  10,  1028-1031. 
Smith,  W.  A.    Rock-drill.    U.  S.  Patent  No.  1267705.    Off.  Gaz.  (May  28, 1918),  871. 
Smith,  W.  A.    Rock-drill.    U.  S.  Patent  No.  1264217.    Off.  Gaz.  (Apr.  30, 1918),  1015. 
Some  practical  notes  on  the  economical  use  of  timber  in  coal  mines.     Trans.  North 

of  England  Inst.  Min.  &  Mech.  Engrs.  (Aug.,  Oct.,  1918),  67,  57-61;  68, 1-5. 

Discussion. 
South  African  mining  statistics.     S.  African  Min.  Jour,  tk  Eng.  Rec.  (Apr.  6, 1918)t 

27,  735-736. 
Spanish  potash  deposits  legislation.     Am.  Fertilizer  (June  22,  1918),  48,  56-60. 
Spencer,  A.  C.  and  Hastings,  J.  B.     Geology  and  ore  deposits  of  Ely,  Nevada. 

Min.  dt  Sci.  Press  (June  22,  1918),  116,  857-862. 
Spilman,  C.  F.     Progress  at  Oatraan.     Salt  Lake  Min.  Rev.  (May  15,  1918),  20,  39. 
Spoiling  the  war  minerals  bill.     Min.  &  Sci.  Press  (May  11,  1918),  116,  638-639. 
Spring  mines,  progress  at.     S.  African  Jour.  &  Eng.  Rec.  (Apr.  6,  1918),  738. 
Springer,  J.  F.     Concrete  in  coal  mine  service.     Coal  Age  (May  18,  1918),  18,916- 

919. 
Springhill  colliery  explosion.     Iron  &  Cool  Trades  Rev.  (June  21,  1918),  96,699. 
Steam  turbine  as  applied  to  colliery  work.     Iron  &  Coal  Trades  Rev.  (Mar.  1,  1918), 

96,  21^-220. 
Stebbins,  E.  W.     War  excess-profit  tax.     Min.  &  Sci.  Press  (May  4,  1918),  116, 

607.    Letter. 

(14) 


BULLETIN,  A.  I.  M.  E— ADVERTISING  SECTION 

MEETING  THE 
LABOR  SHORTAGE 


T^ROM  all  mining  sections  come  reports  of  steadily  decreas- 
^  ing  man-power.  Eventually  YOUR  mine  will  feel  it  As 
one  aid  for  meeting  tlie  situation,  please  consider  that  the 

Pneumatic  Rotary  Dump 

requires  only  one  man  to  operate.  Also,  that  it  saves  much 
labor  in  car  building,  car  repairing,  and  in  various  other  ways. 

This  Dump  really  helps  to  increase  output  with  a 
reduced  working  force.  Write  for  Bulletin  170-D, 
and  facts  pertaining  to  your  dumping. 


3-CAR  Dump  in  a  Shaft  Him 

WBOPFBR  YOU  IMPROVEMENTS  AND  PROTECTION  UNDER 
RAMSA  Y,    WOOD,     CLAGHORN     AND     OTHER     PA  TENTS. 


WOOD  EQUIPMENT  COMPANY 

HcCormick  BuildioK,  CHICAGO,  ILL. 

New  York:                PittsbuiEli:                KnozTille:  Denver: 

Arehittctt                 Union  Arcade              HoUton  Bank  1707  Franklin 

BUg.                            Bldg.            loC            Bldg.  Street 
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COLONIAL  STEEL  CO. 


RED  STAR  BRADS 

Hollow  Drill  Steel 


K£D  STAR  is  a  tough,  strong,  good  cutting  drill  steel,  free  from  i. 
defecU. 

The  hole  is  regular  and  uniform  in  size  and  shape  and  of  the  same  dii 
throughout. 


COLONIAL  STEEL  CO. 

PITTSBURGH,  PA. 

Said  Office*:  Boaton,  Mass.,    New  York,  N.  Y.,    Chicago,  lU.,  St.  Louii,  Mo., 
Denver,  Col.,     Salt  Lake  City,  Ctab. 
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ROBT.  HOLMES  &  BROS. 

(INCORPORATED) 

Successors  to  Danville  Foundry  and  Machine  Co. 
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ROBT.  HOLMES  &  BROS.,  Inc. 

Engineers,  Founders,  Machinists  and  Boiiermaliers 
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(May  28,  1918),  261,  831. 
Logan,  J.  M.     Ore  washer  and  separator.     U.  S.  Patent  No.  1264667.     Offic.  Gaz. 

(Apr.  30,  1918),  261,  114L 
Luna,  G.     Formulas  for  ore  sorting.     Eng.  &  Min.  Jour.  (June  22,  1918),  106, 1178. 
Macdonald,  B.     Automatic  separation  of  solution  from  solids  in  the  hydrometal- 

lurgical  treatment  of  ore  pulps.     BuU.  Amer.  Inst.  Min.  Engrs.  (July,  1918), 

1141-1144. 
Magnetic  separators.     Canadian  Foundryman  (June,  1918),  9,  135. 
McCoMBRE.     Cyaniding  cere  in  situ.     Chem.  Eng.  &  Min.  Rev.  (Apr.  5,  1918),  10, 

208-209. 
Meyer  dry  concentrator.     Salt  Lake  Min.  Rev.  (Apr.  30,  1918),  20,  31-32. 
Middlings.     Eng.  &  Min.  Jour.  (July  6,  1918),  106,  13-14.     (The  term  middlings  is 

applied  to  a  crushed  product  attached  or  imbedded  in  the  gangue.) 
Minerals  separation.  North  American  Corporation.     Eng.  <fc  Min.  Jour.  (May  4, 

1918),  106,  843.     Account  of  meeting. 
Minerals  Separation  &  Beer,  Sondheimer  &  Co.     Afin.  &  Sci.  Press  (Apr.  27,  1918), 

116,  588. 
Minerals  Separation  Butte  &  Superior.     Mhi.  &  Sci.  Press  (May  25,  1918),  116, 
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Molybdenum  content  of  ores  and  concentrates.     Eng.  &  Min.  Jour.  (May  4,  1918), 
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Nouveau  mode  de  trait ement  des  rainerais.     Echo  des  Mines  et  de  la  MitaUurgie 

(June  16,  1918),  301. 
Ore  smelting  in  the  Swansea  district  of  Wales.     Queensland  Gov't  Min.  Jour.  (Apr.  15, 

1918),  20,  164. 
Precipitation  of  gold  by  carbon.     Min.  Mag.  (1918),  18,  170-171. 
Pringle,  L.  B.     Flotation  of  semi-oxidized  silver  ore.     Min.  &  Sci.  Press  (May  18, 

1918),  116,  677-678. 
Ralston,  O.  C.     Questions  of  ore  flotation.     Min.  Jour.  (London),  (Apr.  6,  1918), 

121,205^203. 
Ratcliffe,  J.  H.     Treatment  of  tungsten  ores.     letter.     Min.  <fe  Sci.  Press  (May  25, 

1918),  116,  710. 
Selective  flotation  in  Australia.     Min.  A  Sci.  Press  (May  4,  1918),  116,  612. 
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Coal  controller  and  the  national  supply.     Iron  &  Coal  Trades  Rev.  (June  21,  1918), 
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Coal  dust  explosions,  prevention.    Sd.  &  Arl.  of  Min.  (June  1,  1918),  28,  413-414. 
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Coal  Age  (May  11,  1918),  18,  870-873. 
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Zone  system  for  the  distribution  of  bituminous  coal.    Amer.  Mack.  (May  16,  1918), 
48,842. 

PETROLEUM  AND  GAS 

Baker,  H.  W.    Present  status  of  oil  industry  in  Wyoming.    Salt  Lake  Min.  Rev.  (Apr 
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Serial. 
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Hazlett,  a.  J.     Developments  in  North  Central  Texas.     Oil  Trade  Jour.  (May, 
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Pulverized  Coal  Equipment 


Amontf  some  of  the  plants  using  our  Pulverized  Coal  Eauipment  (or  heatintf 
Industrial  Furnaces  and  Steam  Boilers  are  the  following: 

American  Iron  &  Steel  Co.,  Open  Hearth,  Puddling  and 
Heating  Furnaces. 

American  Locomotive  Works,  Steam  Boilers. 

American  Smelting  &  Refining  Co.,  Reverberatory  Fur- 
naces. 

American  Steel  &  Wire  Co.,  Open  Hearth  Furnaces. 

American  Steel  &  Wire  Co.,  Heating  Furnaces. 

Atchison,  Topeks  &  Santa  Fe  R.  R.,  Locomotives. 

Atlantic  Steel  Company,  Open  Hearth  Furnaces. 

Ash  Grove  Lime  &  Portland  Cement  Co.,  Steam  Boilers. 

Bethlehem  Steel  Co.,  Open  Hearth  Furnaces. 

Choctaw  Portland  Cement  Co.,  Steam  Boilers. 

Inland  Steel  Co.,  Heating  Fumacea. 

Lackawanna  Steel   Co.,   Calcining  and  also   Flue  Dust 
Nodulizing  Kilns. 

M.  K.  &  T.  Railroad,  Steam  Boilers. 

Milwaukee  Electric  Light  &  Power  Co.,  Steam  Boilers. 

Nichols  Copper  Company,  Smelter. 

Pacific  Coast  Coal  Co.,  Steam  Boilers. 

Pittsburgh  Malleable  Iron  Co..  Malleable  Furnaces. 

Sizer    Forge  Company,  Heating  and  Forging  Furnaces 
&  Steam  Boilers. 

Scrsnton  Bolt  &  Nut  Co.,  Heating  &  Puddling  Furnaces. 

Spanish-American  Iron  Co.,  Ore  Roasting  &  Nodulizing 
Kilns. 

Stone  Sc  Webster  Co.,  Steam  Boilers.  Union  Carbide  Company,  Lime  Kilns. 

United  Verde  Ext.  Mining  Co.,  Reverberatory  Furnaces  &  Steam  Boilers. 

Practically  all  the  Cement  Plants  in  the  United  States  and  Canada  have 
installations  of  Fuller  Mills. 

Some  of  the  above  plants  are  using  Pulverized  Coal  containing  from  io% 
to  17%  of  ash  for  heating  their  metallurgical  furnaces. 

Fuller  Mills  are  today  pulverizing  over  35,000  tons  of  coal  per  day  for 
heating  various  types  of  furnaces. 

The  satisCactory  performance  of  our  Pulverized  Coal  Equipment  warrants  your 
investigation.  We  manufacture  Coal  Crushers,  Dryers,  FuUer-Lehigh  Pulverizer 
Mills*  and  Pulverized  Coal  Feeders.  All  this  equipment  is  described  in  our 
Catalogue  No.  71  which  we  will  be  pleased  to  send  you. 

We  also  specialize  in  the  manufacture  of  lining  plates  (or  tube  mills,  pebble  mills/ 
ball  mills,  screen  plates,  chute  liners,  and  all  castings  subject  to  abrasive  actioi). 
Inquiries  covering  equipment  of  this  kind  will  receive  our  prompt  attention. 


L 


FULLER-LEHIGH  COMPANY 

Main  Offices  and  Works:  Fulleiton,  Pa.,  U.  S.  A. 

BRANCH  OFFICES! 

New  Ytrk,  N.  Y.,  51  Chircb  St.;  Chlcaflt,  III.,  NcConilck  Bl^.;    ParMis,  Ku.,  First  Nat.  Baik  BI4g. 
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TRAYLOR  EQUIPMENT 

FOR 

MINE,  MILL  AND  SMELTER 


JAW  CRUSHBRS  for  every  purpoae  all  fitted 
with  cast  steel  water-cooled  pttman,  water- 
cooled  main  pitman  shaft  bearings  and  built  in 
sizes  from  7"  x  10"  Jaw  opening,  up  to  and  in- 
cluding the  Giant  66"  z  86"  crusher  weighing 
680,000  pounds,  the  largest  Crusher  in  the 
world.    Bulletin  J-x. 

CRUSHING  ROLLS  with  the  "Fleeting  Roll" 
the  only  Crushing  Rolls  built  which  haye  an 
automatic  device  for  shifting  the  position  ol 
the  fixed  roll  in  a  lateral  direction.  Corrugat- 
ing and  Flanging  of  the  Roll  shells  eliminated, 
thus  assuring  a  greater  tonnage  per  set  of  shells, 
also  a  greater  tonnage  of  finished  product  per 
horse  power  consumed.  Built  in  sixes  from 
18" X 10"  to  72" X  30"  inclusive.    Bulletin  R-i. 

SMBLTIITG  FURNACBS  for  Copper  or  Lead 
Smelting  equipped  with  Traylor  Patented 
Water  Jackets^  having  the  tuy^e  an  integral 
part  of  the  fire  sheet  which  is  free  from  all  pro- 
jections, also,  Traylor  quick  detachable  tuy^ 
connection  and  many  other  features  which  have 
made  Traylor  Smelting  Furnaces  Worid  Stand- 
ard, as  evidenced  by  over  90%  of  all  new 
smelting  equipment  purchased  during  the  past 
fiscal  year  being  made  by  us.    Bulletin  SF-i. 


COPPER  COITVBRTBRS  so  designed  that 
any  tuy^e  can  be  removed  without  interfering 
with  the  others.  Tuyere  Boxes  that  can  be 
detached  without  disturbing  the  tuyte  P>pn 
because  of  the  A^^ams  connections.  Shelby 
improved  Tuyire  valve,  universal  air  connec- 
tion, all  features  that  make  for  efficiency  and 
ease  in  operation.    Bulletin  C-i. 


Traylor  Engineering  ^  Mfg.  Co. 

Main  Office  and  Works:  AUcntOWn,    Pa.,    U.    S.    A. 

NEW  YORK  CHICAGO  LOS  ANGELES  SPOKANE 
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TH[  WW  MECHMiiL  rORNACE 

(Patented) 


Roasting  Furnaces  designed 
and  built  of  such  size  and  de- 
tail as  may  be  needed  for 
your  requirements. 

If  you  are  working  on  some 
problem  in  which  roasting  is 
involved,  we  will  endeavor 
to  be  of  assistance  in  research 
w^ork. 

Write  us  fully,  stating  analy- 
sis of  ore,  concentrates,  mix- 
ture or  material  you  desire  to 
roast,  characteristics  and  phys- 
ical condition  of  same,  num- 
ber of  tons  to  be  treated  per 
24  hours,  and  results  desired 
in  the  calcine. 


W[DiiE  MECHANICAL  fURNACE  COMPANY 

GREENWICH  POINT,         PHILADELPHIA 
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TO  BROKEN  MACHINERY 

DONE  RIGHT  AT  THE  MINE 

Saving    Time   and  Money   by 
The  OXY■ACETYLE^E  PROCESS 

Any  Blacksmith  or- 
Mechanic  can  catch 
on  to  the  work  quick 


Aft^Where  necessary  we  can  supply  outfits  having  generators 
(or  botk  gases  needed  so  that  the  customer  does  not  de- 
pend on  sending  his  tanks  away  to  be  recharged. 

Mention  Cataloi  K  12 


THE  MACLEOD  COMPANY 

Bogen  Street 
CINCINNATI,  OHIO,  U.  S.  A. 
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Johns-IVIanville 
Power  Plant  Specialties 


Packings  Made  on  a  Straight  Engineering  Basis 

Johns-Manville  Sea  Rings,  for  example,  resemble  no  other 
rod  packing  in  shape  or  construction — or  in  service  either, 
for  the  pliable  lip  reduces  friction,  saves  power,  and  mini- 
mizes wear.  The  folded  section  of  Johns-Manville  Universal 
is  distinct  from  ordinary  "  laminated  "  hydraulic — ^and  each 
sinewy  shoulder  of  the  folds  withstands  "side-swiping" 
longer.  Johns-Manville  Service  Sheet  Packing  is  thm. 
Why?  Because  at  no  sacrifice  of  durability  its  thinness  " 
reduces  the  area  exposed  to  pressure. 

All  through  the  Johns-Manville  Line  you'll  find  these  differ- 
ences, purposely  adopted  not  for  novelty  but  for  higher  effi- 
ciency and  longer,  better  service.  The  individuality  of  the 
Johns-Manville  line  sets  up  a  new  standard  of  packing  science. 


Tlie  Jolins-IVIanvllle  Steam  Trap 

When  your  steam  trap  must  be  installed  in  a  tangle  of 
piping,  the  small  size  of  the  Johns-Manville  Steam  Trap  is 
important. 

But  it's  the  simplicity  of  the  Johns-Manville  Trap  that 
sets  it  apart  from  all  others — and  the  positive  operation 
and  freedom  from  trouble  that  this  simplicity  insures. 

Only  three  parts — body,  ball  and  discharge  bushing. 
When  there's  no  condensation  to  discharge,  steam  pressure 
holds  the  ball  against  the  outlet — the  only  point  where  there 
is  unbalanced  pressure.  As  water  rises  in  the  trap  it  rolls  the 
ball  up  and  exposes  the  unobstructed  orifice.  Discharge  is  con- 
tinuous as  long  as  water  flows  into  the  trap  and  if  air  is  present 
it  is  discharged  through  the  vortices  that  form  at  the  orifice. 

The  Johns-Manville  Trap  cannot  air  bind,  and  requires 
no  adjustment — ^it  is  the  simplest  trap  on  the  market. 

Send  for  descriptive  catalog. 


H.   W.    JoKns-Manville    Co. 

Neiwr  YorK  City 

lO  Factories  BrancKea  in  61  Lar^e  Citiea 
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COMPLETE  GRAPHIC  SOLUTION 
FOR 

KUTTER'S 
FORMULA 

FOR  TBE  FLOW  OF  WATER 
By  L.  L  HEWES 

and 

J.  W.  ROE 

Sheffield  Sdentiflc  School 
Yale  University 

By  the  use  of  this  diagram  and  a 
straight-edge,  a  complete  solution  of 
Kutter's  Formula  for  any  given  con- 
ditions can  be  obtained  in  30  sec- 
onds, without  the  tedious  calcula- 
tions otherwise  necessary. 

Printed  on  cloth,  15  by  15  inches. 
Suitable  for  office  or  field  use. 

PRICE,  80  CENTS 

Sent,  postpaid,  on  receipt  of  price,  by 

The  American  Institute  of 

Mining  Engineers 

19  W.  S9th  Streetp  New  York,  N.  Y. 


LEHIGH  UNIVERSITY 

ANNOUNCES 

AS  A  WAR  MEASURE 
THREE-YEAR  COURSES 

Covering  complete  tchedule  of  former 
four-year  conrses  end  entitUnc  jradit- 
Ates  to  decrees  in  ENGINEERING  AND 
ARTS  AND  SCIENCE.    Also  a 

NEW  COURSE  IN 

SHIP  CONSTRUCTION 

and 

MARINE  TRANSPORTATION 

A  COMBINATION  OF 

ENGINEERING  AND  ECONOMICS 


MILITARY  TRAINING 


Term  Opens  September  It 
Addrbss  registrar, 

LEHIGH  UNIVERSITY 
South  Bethlehem,  Pa. 


® 

BLUE  ENAMELED  PIN 

q^HE  AMERICAN  INSTITUTE  OF  MIN- 
^    ING  ENGINEERS  has  adopted  no  official 
badge,  the  possession  of  which  is  proof  of  mem- 
bership.    Numerous    designs,    however,   have 
been  executed  for  temporary  use,  and  of  these 
three  here  shown  have  proven  so  convenient 
and  attractive,  that  many  members  continue  to 
wear    them    as  personal  ornaments.     To  this 
there  is  no  objection;  and  these  badges  will  be 
sent  postpaid  to  Members  and  Associates  on 
the  receipt  of  the  price  by  New  York  check,  or 
Postal  Money  Order,  in  favor  of  the  Institute, 
as  follows: 

Blue  Enameled  Pin,  Silver,  $0.75;  gold,  $2.00;  White 
Enameled  Button  for  officers,  gold,  $2.00;  Cross- 
Hammers,  gold,  $2.00 ;  Seal  Watch-Fob,  silver, 
$2.25;  silver-gilt,  $2.75;  gold  (14  kt.),  $14.00. 

GOLD  CNOSS  HAMMERS 

SEAL  FOB 
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Acetylene  Aoparattts 

Madeod  Co.,  Bogen  St.,  CinoinnAti,  Ohio. 

Adds  uid  AmiBOiiiA 

HeO  Chemieal  Co.,  Henry,  210-214  8.  4th 
Bt.,  St.  Louie,  Mo. 

Add,  Bulpluuic 

niinoie  Zino  Co..  Peru.  III. 

AcHAters 

Dorr  Co.,  Denrer,  Colo. 
Treylor  Engineeiins  A  Mfg.  Co.,  AUentown, 
P*. 

Amelceautors 
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Asbeetofl 
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Axles,  Mine  Car 
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Besriagi,  RoUer 

GwUllam  Co..  258  W.  58th  St.,  New  York 

aty. 

BeWag,  ConTsyor 
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Blasling  Powder  (See  Powder,  Blasting) 

BlssUng  Supplies 

Da  Pont  de  Nemours  ft  Co.,  B.  I..  Wilming- 
ton. DcL 
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Qeneral  Eleetrie  Co.,  Seheneotady.  N.  Y. 
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St.  Louis,  Mo. 
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Mine  and  Smelter  Supply  Co.,  42  Broadway 
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Flory  Mfg.  Co.,  S.,  Bangor.  Pa. 
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Traylor  Engineering  A  Mfg.  Co.,  AUentown, 

Cages,  Self  Dumping  and  Plain 

Holmes  A  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St.. 
DanviUe.  lU. 

Car  Lifts,  Automatic 

Holmes  A  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St., 
Danville,  lU. 

Carbide  Lamps 

Macleod  Co..  Bogen  St..  Cincinnati.  Ohio. 

Cars,  Ore 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  AUentown, 

Pa. 

Castings,  Brass 

Holmes  A  Bros.,  Inc.,  Robt.,  30  N.  Haael  St., 
DanviUe,  111. 

Castings,  Iron 

FuUcT'Lehlgh  Co.,  Fullerton,  Pa. 
Holmes  A  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St., 
DanviUe,  lU. 

Caustic  Soda 

Heil  Chemical  Co.,  Henry.  210-214  S.  4th  St.. 
St.  Louis.  Mo. 

Cement  Blast  Gune  (See  Guns,  Cement) 
Cement  Machinery 

Traylor  Engineering  A  Mfg.  Co.,  AUentown. 
Pa. 

Worthington   Pamp''&' Machinery  Corp'n.. 
115  Broadway.  New  York  City. 

Cements,  Refrsctory 

Johns-ManviUe    Co.,    H.  W..  290  Madison 
Ave.,  New  York  City. 
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American  Manganese  Steel  Co.,  McCormick 

Bldg.,  Chicago,  111. 
Jeflr«>  Mtg.  Ou.,  VU2  N.  4th  bt.,  Columbus, 

Ohio. 
Chemical  Apparatus 

Heil  Chemical  Co..  Henry,  210-214  S.  4th  St., 

St.  Louis,  Mo. 

Chsmicals 

Heil  Chemical  Co.,  Henry,  210-214  8.  4th  St. 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  aty. 
Roessler  A  Hsaslacher  Chemieal  Co.,   100 
WiUiam  St..  New  York  aty. 
Chrome  Brick 

Harbison- Walker  Eefraotories  Co.,  Farmers' 

Bank  Bldft..  PitUburgh,  Pa. 
Lavino  and  Co.,  E.  J.,  BuUitt  Bldg.,  PhUa- 
delphia.  Pa. 
Chrome  Cement 

Larino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Chrome  Ore  (Lump  and  Ground) 

Layino  and  Co.,  £.  J..  Bultitt  Bldg.,  Phila- 
delphia, Pa. 
Chute  Plates  St  Launder  Liners 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  111. 
Chutes 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 
OUo. 
Classiflers 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co.,  Denrer.  Colo 
Deister  Concentrator  Co.,  Fort  Wayne,  Ind. 
Dorr  Co..  Denrer,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Trayior  Engineering  dc  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump  A   Machinery  Corp'n., 
116  Broadway.  New  York  City. 
Coal  and  Ash  Handling  Machinery 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus, 
Ohio. 
Coal  lOning  Maehiaee 

Goodman  Mfg.  Co.,  Halstead  St.  &  48th 

Plaoe.  Chicago,  III. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
SuUivan  Machineiy  Co.,  122  So.  Michigan 
Are.,  Chicago,  lU. 
Coal  Mining  Plants 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 
Coal  Storage  and  RehandHng  Machinery 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 

Coatings.  Roof 

Johns-Manyille   Co^  H.    W..  200  Madbon 
Are..  New  York  City. 
Collectors.  Dust 

Madeod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 

Compass.  Maas  Patent  Drill  Hole 

Derby,  Jr.,  E.  L.,  Agent.  Ishpemlng,  Mich. 

Compressors,  Air 

AUis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Sullivan  Machinery  Co.,  122  So.  Michigan 

Ave..  Chioaap,  lU. 
Worthington  Pump  A  Machinery  Corp'n., 

115  Broadway.  New  York  City. 

Concentrators 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Ddster  Concentrator  Co..  Fort  Wayne,  Ind. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Trayior  Engineering  A  Mfg.  Co.,  Allentown. 

Pa. 
Worthington  Pump  A  Machinery   Corp'n., 
"        r,  Nl       ~"     "       " 


Condensers.  Sorface 

Westinghouse   Bleetrie 
Pittsburgh,  Pa. 


A   Mfg.   Co..  Esst 


Contractors.  Diamond  DriOlng 

Lonjorear  Co.,  E.  J.,  710  Security  Bldg., 

MmneapoUs,  Minn. 
Sullivan  Machinery  Co.,  122  So.  Michigan 

Ave.,  Chicago,  lU. 

Converters.  Copper  ^^ 

Allis-Chalmers  Mfg.  Co..  Milwaukee,  Wis. 
Trayior  Engineering  A  Mfg.  Co..  Allentown, 

Pa. 
Worthington  Pump  A*Maohinery  Corp'^f 


imp 

.  Ne 


115  Broadway.  New  York  City. 

Converters.  Electric.  Rotary 

General  Electric  Co.,  acheneetady,  N.  Y. 
Westinghouse  Electric   A   Mfg.   Co..  East 
Pittsburgh,  Pa. 

Conveyors.  Belt 

Jefl^y  Mfg.  Co..  002  N.  4th  St..  Columbw. 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 


New  York 


SS?. 


Conveyors,  Cable  Flight 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columboi, 
Ohio. 

Conveyors,  Chain  Flight 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Colnmbea. 
Ohio. 

Conveyors.  Pan  or  Apron 

Jeffrey  Mfg.  Co..  902  N.  4th  St..  Columbas, 


inrey  J 
Ohio. 


Conveyors.  Screw 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus, 
Ohio. 

CoreDrUling 

Lonfljjyear  Co.,  B.  J.,  710  Security  Bldg., 

Minneapolis,  Minn. 
Sullivan  Machinery  Co.,  122  So.  Bfiehigan 


aery 

,  m. 


Ave.,  Chicago, 

Coverings.  Pipe  and  Boiler 

Johns-Manville  Co.,  H.  W..    290   Madison 
Ave.,  New  York  City. 

Crucibles 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St, 

St.  Louis.  Mo. 
Mine  anti  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 

Crushers.  Coal  and  Coke 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus. 


sffrey  J 
Ohio. 


Robins  Conveying  Belt  Co..  Park  Row  Bldg. 
New  York  City. 


Worthington   Pump   A  Machinery  Corp*n., 
116  Brc 

Crushers.  Ore 


imp 
115  Broadway,  New  York  City. 

Ifg.  < 
Buchanan  Co..  C.  Q..  90  West  St.,  New  York 


AlUs-Chalmers  Mfg.  Co.,  MQwaukee,  Wis. 

uchan 
City. 


Colorado  Iron  Works  Co.,  Denver,  Colo. 

Fuller-Lehigh  Co.,  FuUerton,  Pa. 

HeU  Chemical  Co..  Henry,  210-214  S.  4th  St.. 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Trayior  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  A  MacUnery  Corp'n., 

115  Boradway,  New  York  City. 

Crushing  Roll  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg..  Chicago   III. 


115  Broadway,  New  York  City. 
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CnilUag  Rolls  (See  Rolls,  Crashiiift) 

Jeffrey  M{g.  Co.,  902  N.  4th  St.,  Columbus, 
Ohio. 

Csfro-MsgnesiaiB  Metal 

LsTino  and  Co.,  E.  J.,  BuUtt  Bldg.,  Phila- 
delphia, Pa. 

Csfro-Vaasdinm 

Primoo  Chemical  Co.,  Primes,  Pa. 

Cjisids 

Boeador  *  Haaalaohsr  Chsmleal   Co..    100 
William  St.,  New  York  City. 

Cyiaidias  Bqnipmsat 

Allie-Cfaalmen  Mfc.  Co..  Milwaukee,  Wte. 
Colorado  Iron  Works  Co.,  Denrer.  Colo. 
Dorr  Co.,  DeuTer,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  aty. 
T^aylor  Engineering  St  Mfg.  Co.,  AUentown, 

Pa. 
Worthington  Pump  A  Maohlnery  Corp*n.. 

115  Broadway.  New  York  City. 

Dssd  Bomed  Magnssite 

Harbison-WaUcer  Refraetories  Co.,  Farmers* 
Bank  Bldg..  PIttoburgh.  Pa. 

Dewaterers 

Colorado  Iron  Works  Co..  Denyer.  Colo. 
Dorr  Co.,  Denrer,  Colo. 
Traylor  Engineering  A  Mfg.  Co..  AUentown, 
Pa. 

Diamoiid  DriOing 

Lons^ear  Co..  R.  J.,  710  Seourity  Bldg., 
Bunnespolis.  Minn. 

Dredging  Machinery 

^ory  Mfg.  Co.,  S..  Bangor,  Pa. 

Drill  Hole  Compass  (See  Compass,  Drill  Hole) 

Drills,  Core 

Loncrear  Co.,  R.  J..  710  Security  Bldg., 

IfUnneapoUa,  Minn. 
SnlUTan  Maohinerr  Co.,  122  So.  Michigan 
Ato..  Chicago.  lu. 

Drills,  Diamond 

Loncyear  Co..  E.  J..  710  Security  Bldg., 

Mmneapolts,  Mian. 
SnlllTan  Machinery  Co.,  122  So.  Michigan 
Are..  Chicago,  111. 

Drills.  Electric 

Denrer  Rock  Drill  Mfg.  Co.,  DenTsr.  Colo. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus, 

DriBs,  Hanunsr 

Denver  Rock  Drill  Mfg.  Co.,  Denrer,  Colo. 
Sulfiran  Maehinenr  Co.,  122  So.  Michigan 
Ato.,  Chicago.  UL 

DriDs,  Prospectiiig 

SoOlvan  Maohinerr 
Are..  Chicago,  lO. 

Drills.  Reck 

DeuTer  Rock  Drill  Mfg.  Co.,  Denver.  Colo. 
SulHvan  Machineir  Co.,  122  So.  Michigan 
Are..  Chicago.  111. 

Dryers,  Ore 

Traylor  Engineering  ft  Mfg.  Co..  AUentown, 

Pa. 
Wedge  Mechanical  Furnace  Co.,  Greenwich 

Potut.  PhUadelphia,  Pa. 

Dryers,  Rotanr 

FuUer-Lehigh  Co.,  Fullerton,  Pa. 

Dryers,  Sand  and  Gravel 

Macleod  Co..  Bogen  St.,  Cincinnati,  Ohio. 

Dumps,  Rotary 

Wood  Equipment  Co.,  MoCormiok  Bldg., 
CUcagOt  III. 

Dynamite 

Du  Pont  de  Nemours  ft  Co..  B.  I.,  Wilming- 
ton, Del. 
Dynamos  (See  Generators,  Electric) 


Co.,  122  So.  Michigan 


Electrical  Machinery 

General  Electric  Co.,  Schenectady.  N.  Y. 
Weetinghouse  Eleeteie  ft   Mfg.   Co.,   East 
PitUburgh.  Pa. 

Elevators,  Bucket 

Buchanan  Co.,  C.  G.,  90  West  St.,  Nsw  York 

City. 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus. 

OUo. 
Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg.. 

New  York  6ty. 
TVaylor  Engineering  ft  Mfg.  Co..  AUentown. 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n.. 

1 15  Broadway,  New  York  City. 

Emery  Ore 

Lavino  and  Co.,  E.  J.,  BuUitt  Bldg.,  PhiU- 
delphia,  Pa. 

End  Loaders  (See  Loaders,  End) 

Engines,  Gas  ■t*^  OasoUae 

AUis-Chalmers  Mfg.  Co.,  MUwaukee,  ^PHs. 
Engines.  Havlage 

Holmes  ft  Bros.,  Inc.,  Robt.,  80  N.  Hasel  St.. 
DanvUle.  lU. 

Engines,  Hoisting 

Flory  Mfg.  Co.,  S..  Bangor,  Pa. 

Holmes  ft  Bros..  Inc..  Robt..  80  N.  Hasel  St.. 

DanviUe,  lU. 
Vulcan  Iron  Works,  1744  Msin  St..  WUkee- 
Barre.  Pa. 

Engines,  OU 

AUie-Chalmers  Mfg.  Co..  MUwaukee,  Wit. 
Worthington  Pump  ft  Machinery  Corp'n., 
115  Broadway.  New  York  aty. 

Engines,  Steam 

AUIs-Chalmers  Mfg.  Co.,  MUwaukee.  Wta. 
Explosives 

Du  Pont  de  Nemoun  ft  Co..  B.  I..  WUming- 
ton.  Del. 

Fans.  Ventilating 

Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus, 

Ohio. 
Vulcan  Iron  Works.  1744  Main  St..  WUkes- 

Barre.  Pa. 

Feeders,  Ore 

Buchanan  Co.,  C.  G..  00  Weet  St.,  New  York 

City. 
Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Columbus, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg., 

New  York  Cit:^ . 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 

Ferro-Chrome 

Lavino  and  Co.,  E.  J..  Bullitt  Bldg..  PhUa- 
delphia, Pa. 

Ferro-Manganese 

Lavino  and  Co.,  E.  J.,  BulUtt  Bldg..  PhUa- 
delphia, Pa. 

Ferro-Molybdenum 

Lavino  and  Co..  E.  J.,  BuUitt  Bldg..  PhUa- 
delphia. Pa. 
Primos  Chemical  Co..  Primes,  Pa. 

Ferro-SiUcon 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  PhUa- 
delphia. Pa. 

Ferro-Jungsten 

Lavino  and  Co..  £.  J.,  Bullitt  Bldg..  PhUa- 
delphia. Pa. 

Primos  Cnemical  Co..  Primos,  Pa. 
Ferro  -Vanadium 

Primos  Chemical  Co.,  Primos,  Pa. 

FUtcring  Paper 

Hell  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 
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Pilteri 

Colorado  Iron  Worka  Co.,  Denver.  Colo. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 
Pa. 

Fire  CU7 

Harbiaon- Walker  Refraotoriee  Co.,  Farmers* 

Bank  Bldg..  Pitteburgh.  Pa. 
Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Flotation,  Oil 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Flue  Welding  Machines 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Fluorescent  Calcium  Tungstate 

Primos  Chemical  Co.,  Primos,  Pa. 
Fluorsiiar  (Domeatic  and  Foreign) 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 
Forges,  Oil  and  Rivet 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Forgings,  Heavy 

Holmes  A  Bros.,  Ine.,  Robt.,  30  N.  Haael  St., 
DanviUe.  lU. 

FttUer  Mill  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg..  Chicago,  111. 
Furnaces,  Aasav 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St.. 

St.  Louis.  Mo. 
Maoleod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 
Furnaces,  Electric 

General  Electric  Co.,  Schenectady,  N.  Y. 
Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 
Furnaces,  Flue  Welding 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Furnaces.  Gas 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Furnaces.  Lead 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Furnaces,  Mechanical  Roasting 

AUia-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 
Wedge  Mechanical  Furnace  Co.,  Greenwich 

Point.  Philadelphia,  Pa. 
Worthington   Pump   A  Machinery  Corp'n., 
115  Broadway,  New  York  City. 
Furnaces.  Muffle 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Fomaces.  Oil 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 
Furnaces.  Reverberatory 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Furnaces,  Smelting 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 
Pa. 
Furnaces.  Tire  Heating 

Maoleod  Co.,  Bogen  St.,  CSnoinnatl,  Ohio. 

Gears 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 
Generators,  Acetylene  Welding  and  Cutting 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Onio. 
Generators.  Electric 

Allia-Cfhalmers  Mfg.  Co.,  Milwaukee,  Wis. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Goodman  Mfg.  Co.,  Halstead  St.  A  48th 

Place,  Chicaco.  111. 
Westinghouse   Eleetrie  A   Mfg.   Co.,  East 
Pittobnrgh,  Pa. 
Grinders,  Sample 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Trayl<tf  Engineering  db  Mfg.  Co.,  AUentown, 
Pa. 


Grixzly  &  Riffle  Bars  (For  Hydraulic  Mines) 

American  Manganese  Steel  Co.,  McCormiek 
Bldg.,  Chicago.  111. 
Guns,  Cement 

Macleod  Co.,  Bogen  St..  Cincinnati,  Ohio. 
Guns,  Concrete 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Gyratory  Crusher  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  111. 

Hangers,  Mine 

Johns-Man ville   Co.,    H.  W.,  296  Madbon 
Ave.,  New  York  City. 
Hitchings  Mine  Car 

Maoomber  A  Whsrte.Rope.Co.,  Kenosha,  Wis. 
Hoists,  Electric 

AUis-Chalmrrs  Mfg.  Co..  Milwaukee.  Wis. 
Flory  Mfg.  Co..  S..  Bangor,  Pa. 
General  Electric  Co..  Schenectady.  N.  T. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus. 

Ohio. 
Vulcan  Iron  Works,  1744  Main  St..  Wilkes- 
Barre,  Pa. 
Hoists,  Skip 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump   A  Machinery  Corp'n., 

115  Broadway,  New  York  City. 
Hoists,  Steam 

Allis-Chalmers  Mfg.  Co..  Milwaukee,  Wis. 

Flory  Mfg.  Co.,  S.,  Bangor,  Pa. 

Holmes  A  Broe.,  Inc..  Robt.,  30  N.  Haael  St, 
Danville.  111. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  aty. 

Sullivan  Machineiy  Co.,  122  80.  Michigan 
Ave.,  Chicago.  lu.  

Vulcan  Iron  Works.  1744  Main  St.,  Wilkis- 
Barre,  Pa. 
Hoppers,  Weigh 

Holmes  A  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St., 
DanviUe,  lU. 
Hose,  Air 

Denver  Rock  Drill  Mfg.  Co.,  Denver.  Colo. 

Goodrich  Rubber  Co..  B.  F.,  Akron,  O. 
Hydrated  Ferric  Oxide  (For  Gas  Purification) 

Lavino  and  Co..  E.  J.,  BuUitt  Bldg..  Phila- 
delphia, Pa. 

HydrauUc  Mining  Macliinery 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 

Insulators,  Third  Rail 

Johns-Manville   Co^    H.  W.,  296  Madlsoa 
Ave.,  New  York  aty. 

Jackets,  Water 

Traylor  Engineering  A  Mfg.  Co.,  Allentown, 
Pa. 

Jaw  Crusher  Parts 

American  Manganese  Steel  Co.,  McCormiek 
Bldg..  Chicago,  111. 

Jl««  — . 

Allis-Chalmeis  Mfg.  Co.,  MUwaukee,  Wis. 

Colorado  Iron  Works  Co.,  Denver.  Colo. 

Mine  and  Smelter  Supply  Co.,  42  Broadwsy, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  AUentown, 

Pa. 
Worthington  Pump  A  Machinery  CcipB., 

116  Broadway,  New  York  City. 

Laboratory  Supplies 

Heil  Chemical  Co..  Henry,  910-214  S.  4th  St, 
St.  Louis,  Mo. 

Lamns,  Acetylene 

Maeleod  Co.,  Bogen  St.,  Cinoinnati,  Ohio. 

Lamps,  Electric 

General  Electric  Co.,  Seheneetady,  N.  Y. 
Westinghouse  Electric  *   Mfg.   Co.,  Ssit 
Pittaburgh,  Pa. 
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LMd  Acetate 

Hdl  Chemioal  Co.,  Henry.  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Linincs,  Ball  end  Tube 

Trmylor  Encmeering  A  Mfg.  Co.,  Allentown, 
Pa. 

Uniags,  Brake 

Johoe-MaoTille    Co.,    H.  W.,  296  Madison 
Are.,  New  York  City. 

Utliarge 

Heil  Cfaemioal  Co.,  Henry.  210-214  S.  4th  St., 
St.  Louie,  Mo. 

Loaders,  Bnd 

Hofmea  A  Bros..  Inc.,  Robt..  80  N.  Easel  St., 
Danville.  111. 

Loading  Booms 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio 

LocomotiTes,  Compressed  Air 

General  Eleotrio  Co.,  Scheneotady,  N.  Y. 
Vulcan  Iron  Works,  1744  Main  St.,  Wilkee- 
Barre,  Pa. 

LocomotiTes,  Electric  Trolley 

General  Eleetrio  Co.,  Soheneotady,  N.  Y. 
Goodman  Mfg.  Co.,  Halstead  St.  A  48th 

Plaoe.  Chieago,  111. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Weetinghouse  Eleetrie   A   Mfg.   Co.,   East 

Pittoburgh,  Pa. 

LocomotiTes,  Gasoline 

Vulcan  Iron  Works,  1744  Main  St.,  WUkee- 
Barre,  Pa. 

Locomotives,  Steam 

Vuloan  Iron  Works,  1744  Main  St.,  \^lkea- 
Barre,  Pa. 

Locomotives,  Stora^ie  Battery 

General  Eleotnc  Co.,  Soheneotady,  NY. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Westinghouse  Eleetrie   ft   Mfg.   Co..   East 

PftteBurgh,  Pa. 

Low  Carbon  Ferro-Manganese 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia. Pa. 


Magnesia  Brick 

Harbison- Walker  Refraetoriee  Co..  Farmers' 

Bank  Bldg..  Pitteburgh,  Pa. 
Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Magnesite  Cement 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Metal  (Ingots  and  Powder.) 
Lavino  and  Co..  £.  J.,  Bullitt  Bldg.,  Phila- 
delphia. Pa. 

Magnetic  Pulleys  (See  PnUeys,  Magnetic) 


unp  I 

Lavino  and  0>.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 


Manganese  Dioxide  (Lump  and  Ground) 
Lavino  and 
delphia,  1 

Manganese  Ore 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Meters,  Electric 

General  Eleotrio  Co.,  Soheneotady,  N.  Y. 
Weetinghouse  Eleotrio  &   Mfg.    Co.,   East 


igi 
Pittsburgh,  Pa. 


Mica 


Lavino  and  Co.,  E.  J..  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Mills,  Bad,  Tube  and  Pebble 

Allls-iJhalmers  Mfg.  Co.,  Milwaukee,  Wis 
(Colorado  Iron  Works  Co.,  Denver,  Colo. 
Fuller-Lehigh  Co.,  FuUerton,  Pa. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  aty. 


Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n., 

115  Broadway,  New  York  C^ity. 

MiUs,  Chilean 

Allia-Chalmers  Mfg.  0>.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co..  Denver.  Colo. 
Traylor  Engineering  ft  Mfg.  (^.,  AUentown, 
Pa. 

Mills.  Stamp 

Allis-Chalmers  Mfg.  Co..  Milwaukee.  Wis. 
Colorado  Iron  Works  Co.,  Denver.  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 
Worthington   Pump  ft   Machinery  Corp'n. 

116  Broadway.  New  York  City. 

Mine  Car  Hitchings  (See  Hitehings,  Mine  Car). 

Molybdate  of  Ammonia 

Primos  Chemioal  Co.,  Primos.  Pa. 

Molybdate  of  Calcium 

Primoe  Chemical  Co..  Primos.  Pa. 

Molybdate  of  Soda 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdenum  Metal 

Primos  Chemical  Co.,  Primes,  Pa. 

Molybdenum  Ore,  Buyers  of 

Primoe  Chemical  Co.,  Primos,  Pa. 

Molybdic  Acid 

Primos  Chemical  Co.,  Primos,  Pa. 

Motors,  Electric 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
General  Eleotrio  Co.,  Soheneotady,  N.  Y. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 


Westinghouse   Electric   ft   Mfg.    Co.,   East 


New  York  Cit 

I 
MufBes 


;e 


Pittsburgh,  Pa. 


Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 


Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 


Ore -Bedding  Systems 
C 
New  York  City. 

Ore  HandUng  Machinery 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 
New  York  aty. 

Ore  Milling  Machinery 

Colorado  Iron  Works  Co.,  Denver.  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Worthington   Pump   ft  Macblnery  Corp'n., 

115  Broadway,  New  York  City. 

Ores,  Buyers  and  Setters  of 

Beer,    Sondheimer    ft   Co.,    61    Broadway, 

New  York  aty. 
Vogelstein  ft  Co.,  Ino.,  L.,  42  Broadway, 
New  York  aty. 
Ozy-Acetylene  Apparatus 

Maoleod  Co.,  Bogen  St.,  Onoixmati,  Ohio. 

Packings,  Steam 

Johns-ManviUe    Co.,  H.  W.,  206    Madison 

Ave.,  New  York  aty. 
Goodrich  Rubber  (^.,  B.  F.,  Akron,  O. 
Painting  Machines 

Madeod  Co.,  Bogen  St.,  Cincinnati,  Oldo. 
Pipe  Insulations 

Johns-ManviUe   Co.,  H.  W.,  206    Madison 
Ave.,  New  York  aty. 
Plate  Metal  Work 

Holmee  ft  Bros.,  Inc.,  Robt.,  80  N.  Hasel  St., 
DanvUle,  lU. 

Platinum  Wire,  Foil  ft  Ware 

HeU  C^hemioal  Co.,  Henry,  210-214:s.  4th:6t. 
St.  Louis.  Mo. 
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Powder,  Blattliif 

Du  Pont  do  Nemoun  ft  Co.,  E.  I.,  Wilming- 
ton. DoL 

Powdorod  Coal  B^ipmont 

Fuller-Lehiffh  Ck>.,  Fullerton,  P*. 

Powor  TrAasmistion  Maehinorj 

Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbus, 

OUo. 
Trftylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 


Preatoa,  Filter 
''orthingt 
115  Broadway,  New  York  City. 


Worthington  Pump  ft  Maohinery  Corp'n., 


PulleTi,  Magnetic 

Buchanan  Co..  C.  Q..  90  Weat  St.,  New  York 
City. 

Pulyerizer  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  111. 

PulTeriiers 

Heil  Chemical  Co.,  Henry,  210-214  8. 4th  St., 
St.  Louis,  Mo. 

Polyerisers,  Coal  and  Coke 

FuUer-Lehii^  Co.,  Fullerton,  Pa. 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 

Ohio. 
TVaylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 

Pnlyerixers.  Ore 

FuUer-Lehigh  Co.,  Fullerton,  Pa. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Finglneering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump   ft  Maohinery  Corp'n., 

115  Broadway,  New  York  City. 

Pamjw,  Acid 

Worthington  Pump  ft  Machinery  Corp'n., 
115  Broadway,  New  York  aty. 

Pumps.  Centrifugal 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Worthington  Pump  ft  Machinery  Corp'n., 

115  Broadway,  New  York  City. 

Pumps,  Hydraulic  Pressure 

Worthington  Pump  ft   Machinery  Corp'n., 

116  Broadway,  New  York  City. 

Pumps,  Pneumatic  Air  Lift 

Sullivan  Machinery  Co..  122  So.  Michigan 


lery 

,  in. 


Atc.,  Chicago, 

Pumps,  Power 

Worthington  Pump  ft   Machinery  Corp'n., 
115  Broadway,  New  York  aty. 

Pumps,  Sand 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 

Pumps,  Sinking 

Worthington  Pump  ft   Machinery  Corp'n., 
115  Broadway,  New  York  City. 

,  Stuff 

orthington  Pump  ft   Machinery  Corp'n., 


imp 
115  Broadway,  New  York  City. 

imp 
115  Broadway.  New  York  Qty. 


Pumps,  Track 
W 


orthington   Pump  ft   Machinery  Corp'n., 


Pumps,  Stuff 
W 

W 

Pyrometers 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Quarrying  Machinery 

Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  111. 

QuicksUyer 

Beer,    Sondheimer    ft    Co.,    01    Broadway. 
New  York  aty. 


Refractories 

Harbison-Walker  Refractories  Co.,  Farmers' 
Bank  Bldg.,  Pittsburgh.  Pa. 

Respirators 

Qoodrich  Rubber  Co.,  B.  F..  Akron.  O. 

HeU  Chemical  Co.,  Henry,  210-214  8. 4th  St. 
St.  Louis,  Mo. 

Revolying  Screen  Parte 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  III. 

Rods.  Drill 

Colonial  Steel  Co.,  Keystone  Bldg..  Pitts- 
burgh. Pa. 

Roller  Mill  Parts 

American  Manganese  Steel  Co.,  McCormiok 
Bldg..  Chicago,  111. 

Rolls,  Crushing 

Buchanan  Co.,  C.  G.,  90  West  St.,  New  York 

City. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Traylor  Engineering  ft  Mfg.  Co.,  ADentown, 

Pa. 
Worthington  Pump  ft  Maohinery  Ccrp'n^ 

115  Broadway,  New  York  aty. 

Rooflogs,  Asbestos  and  Rubber-type 

Johns-Manville   Co.,    H.  W.,  290  Madiaoa 
Ave.,  New  York  aty. 

Rope,  Wire 

Iicschen  ft  Sons  Rope  Co.,  A.,  920  N.  1st  St.. 

St.  Louis,  Mo.  __ . 

Macomber  ft  Whyte  Rope  Co^  Eenoeha,  Wis. 

>hn 


Roebling's  Sons  Co.,  Jonn  A.,  Trenton,  N.  J. 
Macomber  ft  Whyte  Rope  Co.,  Kenosha.  Wis. 


Maooml>«r  ft  wnyte  Rope  Uo.,  ikenosna.  wis. 
Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J. 


Rope  Fastenings.  Wire 
-      ft  — 

Rubber  Goods,  Mechanical 

Qoodrich  Rubber  Co.,  B.  F.,  Akron,  O. 

Samplera,  Ore 

Mine  and  Smelter  Supply  Co:,  42  Broadwayt 

New  York  aty. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown 

Pa. 
Worthington  Pump  ft  Machinery  Corp  n.. 

115  Broadway,  New  York  City. 

Scoriflers  _ 

Heil  Chemical  Co.,  Henry,  210-214  8.  4th 
St.,  St.  Louis,  Mo. 

Screens.  Bar 

Holmes  ft  Bros.,  Inc.,  Robt.,  80  N.  Haael  St.. 
Danville,  111. 

Screens,  Perforated  Metal 

Jeffrey  Mfg.  Co.,-902  N.  4th  St.,  Columbus. 
Ohio. 

Screens,  Revolving 

Buchanan  Co..  C.  G.,  90  Weat  St.,  New  York 

City. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbui, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  aty. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg.. 

New  York  aty. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown. 

Pa. 
Worthington  Pump  ft  Machinery  Ccrp'o-* 

115  Broadway,  New  York  aty. 

Screens.  Shaking 

Holmes  ft  Bros.,  Inc.,  Robt.,  80  N.  Basel  St., 
Danville,  111. 

Separators,  Magnetic  ^     ^.      .,    . 

Buchanan  Co.,  C.  Q.,  90  West  St.,  New  York 
City. 

Shaft  Sinking  and  Development  Work 

Longyear  Co.,   E.  J.,   710  Security  Bldg.. 
Minneapolis,  Minn. 
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8litrMii«n,  Drin 

p«iT«r  Rook  Drill  Mfg.  Co..  DonT«r,  Colo. 

Ave., 
SiHea  Brick 


iWDTw  KooJc  Drill  Mte.  Co.,  DonTtf,  Colo. 
Somrkn  MMhlnerr  Co.,  132  80.  Miehis»n 


Ave.,  Chioago, 


15. 


HwUMD-WaUcer  Refraotoriet  Co.,  Farmen' 
Bank  Bldg.,  PIttoburgh,  Pa. 

Skip  Hoiata  (See  Holato,  Skip) 

SBoA  Wire  Rope 

Maopmber  i  Whyte  Rope  Co.,  Kenoaha,Wia. 

RoebHng'a  Bona  Co..  John  A..  Trenton,  N.  J. 


Be»,    Sondhdmer    A    Co..    61    Broadway, 

New  York  City. 
Vogelatdbi  A  Co..  Ino.,  L.,  42  Broadway. 

New  York  City. 

SoeKiiic  Machinery 

Affi^Oialmers  Mfg.  Co..  MUwaukee,  Wla. 
Odorado  Iron  Worka  Co..  Denver.  Colo. 
IV^ior  Bnglnaering  ft  Mfg.  Co.,  Allantown. 


Worthlngton  Pump  St  Machinery  Corp*n., 
115  Broadway.  Ne     --    •   —     ' 

Soda  Ash 


few  Ydrk  City. 


Heil  Chemical  Co..  Henry,  210-214  S.  4th  St., 
St.  Louia.  Mo. 

Spelter 

nUnda  fflno  Co.,  Peru.  III. 
Spleceleiacn 

Layino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Sprocketa 

American  Manganese  Steel  Co.,  McCormick 
Bldg..  Chicago,  III. 

Stamp  MOl  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago.  111. 

SteaL  Cmcible 

Cojonial  Stoel  Co..  Keystone  Bldg..  Pitts- 
burgh, Pa. 

SteeL  Drill.  Hollow  and  Solid 

Colonial  Steel  Co..  Keystone  Bldg..  Pitta- 
burgh.  Pa. 

Denrar  Rook  Drill  Mfg.  Co.,  Denver.  Colo. 

Sullivan  Maehlnery  Co..  122  80.  Michigan 
Ave..  Chicago.  lU. 

SteeL  Tool 

Colonial  StMl  Co.,  Keystone  Bldg..  Pitta- 
burgh.  Pa. 

Stokera 

Wcatlnchouae  Electric  ft  Mfg.  Co..  East 
Pittsburgh.  Pa. 

Switchboarda 

General  Electric  Co..  Schenectady.  N.  Y. 
Weatlnghouae  Electric   ft   Mfg.   Co.,  •  Eaat 

Tables,  Concentratinc  (See  Concentrators) 
Test  Lead 

Hea  Chemical  Co..  Henry.  210-214  S.  4th  St.. 
St  Louis,  Mo. 

Thawers.  Switch 

Madeod  Co.,  Bogen  St..  Cincinnati,  Ohio. 
Thennometora 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louia.  Mo. 

TUekoacfa,  SUiiio 

Colorado  Iron  Worka  Co..  Denver.  Colo. 
Dor  Co.,  Denver.  Colo. 

Tlpplo  MaeUiiery  Bqulpmont 

Jeffrev  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 

Torchaa,  Cuttinc  and  Welding 

Madeod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Towara  aad  Bridgaa.  Stocking  and  Radalinlag 
RoUns  Coovc^g  Belt  Co.,  Park  Row  Bldg.. 
New  York  City. 


Tyamwaya,  Wfare  Rope.  Aerial 

Leaohen  ft  Sons  Rope  Co..  A..  020  N.  1st  St., 

St.  Louis.  Mo. 
Macomber  ft  Whyte  Rope  Co.,  Kancaha,  Wb. 
RoebUng's  Sons  Co..  John  A..  Trenton.  N.  J. 

Tranaf ormara,  Blectric 

General  Electrid  Co.,  Schenectady.  N.  Y. 
Wwtinfhouae  Electric  ft   Mfg/  Co..  Eaat 
Pittsburgh,  Pa. 

Trapa,  Steam 

Johna-Manville   Co^    H.  W.,  206  Madlaoa 
•  Ave.,  New  York  City. 

Tuantate  of  Ammonia 


mos  Chemical  Co..  Primoa.  Pa. 

ite  of  Soda 

mos  Chemical  Co.,  Primoa.  Pa. 


Tungstate  of  Soda 
Prii 


Tuncaten  Metal 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 
Primes  Chemical  Co.,  Primoa.  Pa. 

Tunaaten  Ore 

Lavino  and  Co.,  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Tungsten  Ore.  Buyers  of 

Primes  Chemical  Co.,  Primoa,  Pa. 

Tungstic  Acid 

Lavino  and  Co.,  £.  J.,  Bullitt  Bldg.,  Phila- 
delphia. Pa. 
Primes  Chemical  Co.,  Primoa,  Pa. 

Turbines.  Hydraulic 

AlUs-Chalmera  Mfg.  Co..  BiUwaukee,  Wis. 

Turbines,  Steam 

Allis-Chalmers  Mfg.  Co.,  MUwaukee.  Wla. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Westinghouse  Electric  ft   Mfg.   Co.,   East 
Pittsburgh,  Pa. 

YalTcs.  Pump 

Goodrich  Rubber  Co.,  B.  F..  Akron,  O. 
Vanadate  of  Ammonia 

Primes  Chemical  Co.,  Primoa.  Pa. 
Vanadic  Add 

Primes  Chemical  Co.,  Primoa.  Pa. 

Vanadium  Chloride 

Primes  Chemical  Co..  Primes.  Pa. 

Vanadium  Ore.  Buyers  of 

Primes  Chemical  Co..  Primes,  Pa. 

Ventilatinc  Fana  (See  Fans.  Ventilating) 

Wagon  Loadera 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Cdumbus 
Ohio. 

Weigh  Hoppers  (See  Hoppers.  Weigh) 

Wheela 

American  Manganese  Steel  Co.,  McCormick 
Bldg..  Chicago.  111. 

Wheela.  Mine  Car 

Fuiler-Lehigh  Co.,  Fullerton,  Pa. 

Wire.  Iroi^  Steel  and  Copper 

Roebnng'a  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Wire  Mechaniam  (Lever  Control) 

GwilUam  Co.,  263  W.  S8th  St.,  New  York 

aty. 

Wire  Rope  (See  Rope.  Wire) 

Wires  and  Cablea,  Bleetrieal 

.  General  Blectric  Co.,  Schenectady,  N.  Y. 
Goodrich  Rubber  Co.,  B.  F.,  Akron.  O. 
Roebling'a  Sena  Co..  John  A.,  Trenton.  N.  J. 

Zinc  Dust 

Vogelstdn  ft  Co..  Inc..  L..  42  Broadway. 
New  York  City. 

Zinc  Sheet 

lUinob  Zinc  Co..  Peru.  111. 
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Pac 
Allis-Chalmers  BOg.  Co.,  Milwaukee,  Wis 

PRODUCTS:  Mining  Maohinery  of  Every  Type.  Complete  Power  and  Eleetrieal 
Equipmento. 

American  Manganese  Steel  Co.,  McCormick  Building,  Chicago,  111 

PRODUCTS;  Castings  for  Mining  Machinery  Parts. 

Beeri  Sondheimer  &  Co.,  Inc.,  61  Broadway,  New  York 

PRODUCTS:  Buyers,  Smelters  snd  Refiners  of  Ores  and  Metals  of  all  classes. 

Bemis  Bro.  Bag  Co.,  65  Poplar  St.,  St.  Louis 

PRODUCTS;  Canvas  Tubing  for  Air  Systems  in  Mines. 

Buchanan  Co.,  C.  G.,  90  West  St.,  New  York  City 

PRODUCTS:  Crushing  and  Magnetic  Concentrating  Plants  Complete  in  All  Details. 
Rook  and  Ore  Crushers,  Crushing  Rolls,  Magnetic  Separators,  Revolving  Screens,  Bucket 
Elevators,  Ore  Feeders. 

Colonial  Steel  Co.,  Pittsburgh,  Pa 17 

PRODUCTS:  Drill  Steel.  Tool  Steel,  Crudbls  and  High  Grade  Open  Hearth  Steel. 

Colorado  Iron  Works  Co.,  Denver,  Colo Inside  Front  Cover 

PRODUCTS:  Complete  Equipment  for  Cyanide  and  Concentrating  Mills  and  Smelting 
Planto. 

Deister  Concentrator  Co.,  Ft.  Wayne^  Ind. * 

PRODUCTS:  Deister.  Oventrom  and  Deister-Overstrom  Tables  in  either  fflngle  or  Double 
Deek  Types. 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo * 

PRODUCTS:  Air  and  Electric  Rock  Drills,  Drill  Sharpeners.  Manufacturers  of 
"Waugh'*  and  "Denver"  Drills. 

Derby,  Jr.,  B.  L.,  Agent,  Ishpemlng,  Mich * 

PRODUCTS:  The  Mass  Drill  Hole  Compass  for  determining  direction  and  dip. 

Dorr  Co.,  Denver,  Colo * 

PRODUCTS:  Machinery  in  use  for  Cyaniding.  Wet  Gravity  Concentration,  FloUtion. 
Ticaehing  Copper  Ores  and  many  non-metallurgical  industrial  processes. 

Du  Pont  de  Nemours  &  Co.,  E.  L,  Wilmington,  Del 13 

PRODUCTS:  Explosives,  Blasting  Powder.  Dynamite,  etc. 
Flory  Mfg.,  Co.,  S.,  Bangor,  Pa * 

PRODUCTS:  Mine  and  Contractors'  Hoists,  Cableways,  Capstans,  Winches,  Marine 
Railway  Hoists,  etc. 

Fuller-Lehigh  Co.,  Fullerton,  Pa 27 

PRODUCTS:  The  FuUer-Lehigh  Pulveriser  Mill,  Cement  Mill  Machinery,  Powdered  Coal 
Equipment,  Gjrratory  Crushers,  Roll  Crushers.  Rotary  Dryers,  Car  Wheels  and  Axles, 
Chemical  Castings,  Charcoal  Iron  Castings,  Chilled  Castings. 

General  Electric  Co.,  Schenectady,  N.  Y Outside  Back  Cover 

PRODUCTS:  Electric  Mine  Locomotives.  Electric  Motors  for  Operating  Mining 
Machinery. 

Goodman  Mfg.  Co.,  Chicago,  111 * 

PRODUCTS:  Electric  and  Air  Power  Coal  Cutters.  Electric  ^fine  Locomotives.  Power 
Planto. 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O Inside  Back  Cover 

PRODUCTS:  Goodrich  "LongUfe,"  "Dredge."  Vanner,  Take-off  and  Magnetic  Separator 
Conveyor  Belto. 

Gwffliam  Co.,  253  West  68th  St.,  New  York  aty • 

PRODUCTS:  Ball  and  Roller  Bearings,  The  Bowden  Patent  Wire  Mechanism  for.  ths 
Transmission  of  Reciprocating  Motion  Through  a  Flexible  and  Tortuous  Route. 

Harbison-Walker  Refractories  Co.,  Pittsburgh,  Penna * 

PRODUCTS:  Refractories  for  Blast  Furnace  and  the  Open  Hearth,  Electrical  Furnaces, 
Copper  Smelting  Pksnts,  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes  and  Dross  Furnaces, 
Alloy 'Furnaces,  as  well  as  all  other  types  in  use  in  the  various  metallurgical  processes. 
Heil  Chemical  Co.,  Henry,  210-214  S.  4th.  St.,  St.  Louis,  Mo * 

PRODUCTS:  Chemicals  and  Chemical  Apparatus.  Supplies  for  Mines,  Smelters,  Iron 
and  Steel  Works,  Schools,  Colleges,  and  Universities. 

Holmes  &  Bros.,  Inc.,  Robt,  30  N.  Hazel  St.,  Danville,  111 ^ 19 

PRODUCTS:  E!ngineers,  Founders,  Machinisto  and  Boiler  Makers.    Builders  of  Hoisting 

and  Haulage  Engines,  Shake  Screens  and  Weigh  Hoppers,  Self  Dumping  Cages  and  Empty 

Cwlifto.  MiUjmd  Mine  Supplies. 

*  Advertisement  does  not  appear  in  this  issue,  but  producto  are  listed  in  Classified  Ijmi  of  Mining 
md  MetaUurgisal  Equipment. 
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Olinois  Zinc  Co.,  Peru,  111 * 

PRODUCTS:  8p«lt«r.  Shaet  Zine  and  Sulphuiio  Add. 

Jeffrey  Mfg.  Co.,  902  N.  Pourth  St.,  Columbua,  O * 

PRODUCTS:  ElMtrie  Coal  Cuttars  and  Drilla:  Eleetrie  and  Storaca  Battarjr  Looomo- 
tlT«a;  Coal  Tipfila  Maohlnery  inoluding  Elavators,  ConToyora,  Pioking  Tablaa  and  Load- 
ing Booma,  Car  Hanla,  Car  Dumpa,  Soraana,  Cruahara,  PolTariaara,  Fana.  Hoiata.  ato. 

Johns-Manvffle  Co^  H.  W.,  New  York  Oity 37 

PRODUCTS:  Aabeatos  and  Rabbar-typa  Roofinga,  Roof  Coating,  Staam  Paoldnga.  Pipa 
Inaulationa,  Camanta,  Braka  Lining  and  Braka  Blooka,  Staam  Trapa,  Third  Rail  Inanla- 
tofa,  Mina  Hangara,  Moulded  Mica  Weatharproof  Sookata,  Elaotiical  Tapea  and  Fuaaa. 

LaTino  &  Co.,  E.  J.,  Bullitt  Bldg.,  Philadelphia,  Pa ♦ 

PRODUCTS:  Ores:  Manganese,  Chroma,  Iron.  ato.    Farro  AUoya  and  Metala.    Pig  Iron. 

Leschen  &  Sons  Rope  Co.,  A.,  St.  Louis,  Mo 21 

PRODUCTS:  Wire  Rope  for  all  purpoaaa,  in^uding  Haroulaa  Red  Strand  Wira  Rope, 
and  Wira  Ropaa  of  Patent  Flattened  Strand  and  Locked  Coil  oonatruetiona.  Aerial  Wire 
Rope  Ttamwaja  for  eoonomioal  tranaportation  of  material. 

Longyear  Co.,  E.  J.,  710  Security  Bldg.,  Minneapolis,  Minn 11 

PRODUCTS:  Contract  Diamond  Drilling,  Manufaoture  of  Diamond  DriUa  and  Suppliea, 
Shaft  Sinking  and  Derelopment  Work,  Qeologieal  Department. 

Macieod  Co.,  Bogen  St.,  Cincinnati,  Ohio 35 

PRODUCTS:  Oxy- Acetylene  Cutting  A  Welding  Apparatua  for  mine  repair  work, 
also  portable  oil  burners  for  aame  purpoae,  metallurgical  furnaces,  carbide  lights,  and  sand 
blast  outfits. 

Mftcomber  &  Whyte  Rope  Co.,  Kenosha,  Wis 23 

PRODUCTS:  Monarch  Whyte  Strand  Wire  Rope,  Patent  Kllindo  Non-Rotating   Wire 

Rf^M.  Wire  Rope  of  all  Oradea  and  Omstructions.  Patent  Monarch  Mine  Car  Hitohings. 

Mine  &  Smelter  Supply  Co.,  42  Broadway,  New  York  City * 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

Piimos  Chemical  Co.,  Primos,  Pa * 

PRODUCTS:  Molybdenum,  Tungsten  and  Vanadium  Produota,  Buyers  of  Molybdenum, 
Tungsten  and  Vanadium  Ores. 

Robins  Conveying  Belt  Co.,  Park  Row  Bldg.,  New  York  City * 

PRODUCTS:  Belt  Conveyors,  Bucket  Elevat-ora.  Ore  Bedding  Systems,  Unloading, 
Stocking  and  Reclaiming  Towers  and  Bridgea,  Conveyor  Auziliariea. 

Roebling's  Sons  Co.,  John  A.,  Trenton,  N.J 9 

PRODUCTS:  Wire  Rope  for  Mining  Work.  Stock  ahipmenta  from  agendea  and  branches 
throttghout  the  country. 

Roessler  db  Hasslacher  Chenilcal  Co.,  100  William  St.,  New  York * 

PRODUCTS:  Cyanide  of  Sodium  and  Other  Chemicala  for  Mining  Purpoaea. 

SuUivan  Macliinery  Co.,  122  S.  Michigan  Ave.,  Chicago,  111 54 

PRODUCTS:  Coal  Pick  Maohinea,  Air  Compressors,  Diamond  Cora  Drilla,  Rook  Drilla. 
Hammer  Drills,  Mine  Hobts,  Chain  Cutter,  Bar  Machines,  Fana. 

Traylor  Engineering  &  Mfg.  Co.,  Allentown,  Pa 29 

PRODUCTS:  Manufaoturera  of  Mining.  Milling,  Smelting  and  Cruahing  Machinery. 

Vogelstein  &  Co.,  Inc.,  L.,  42  Broadway,  New  York 39 

PRODUCTS:  Buyera,  Smeltera  and  Refinera  of  Orea  and  Metals  of  all  cUsses. 

Vtdcan  Iron  Works,  Wilkes-Barre,  Pa * 

PRODUCTS:  Vulcan  Electric  Mine  Holsta,  Steam  Hoists.  Hoisting  and  Haulage  Enginea, 
i^ltitttj  Machinery,  etc.     Nicholson  Device  for  Prevention  of  Overwinding. 

Wedge  Mechanical  Furnace  Co.,  Greenwich  Point,  Philadelphia,  Pa 33 

PRODUCTS:  The  Wedge  Mechanical  Roasting  Furnace  (Patented). 

Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburgh,  Pa 25 

PRODUCTS:  The  Baldwin- Westinghouse  Electric  Mine  Locomotives.  Electrical  Machin- 
ery: Turbines,  Generaton,  Motors,  etc. 

Wood  Equipment  Co.,  McCormick  Bldg.,  Chicago,  111 15 

PRODUCTS:  The  Pneumatic  Rotary  Dump  (Wood  and  Ramaay  Patents).     Adaptable  ta 

an  iwiwiwy  eonditiona-— old  or  new  operationa. 
Wortfaington  Pump  and  Machinery  Corp'n,  115  Broadway,  New  York 31 

PRODUCTS:  Laidlaw  Feather  Valve  Air  Compreasors,  Direct  Acting  and  Centrifugal 

Punpa.  Power  Pumpe.  Rock  and  Ore  Cruahers.  Crushing  Rolls,  Tube  Mills,  Converters, 
Woodbvry  Jigs,  Snow  OQ  Engines.  

*  Advartiaament  doea  not  appear  in  this  issue,  but  products  are  listed  in  Classified  List  of  Mining 
and  Metallnr^cal  Equipment. 
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GOODRICH 

Industry's  War 

Belt 

THE  demand  for  reliable  Transmis- 
sion Belting  has  reached  tremen- 
dous proportions  since  the  beginning  of 
the  war.  The  wear  and  tear  and  long 
grind  is  "showing  up"  weak  belts  and 
favoring  the  strong,  husky  ones. 

We  know  that  our  "COMMANDER" 
Transmission  Belt  is  in  growing  de- 
mand because  the  great  volume  of 
orders  tells  us  so. 

In  fact,  we  are  just  a  little  bit  prone  to 
believe  that  "COMMANDER"  is  in 
special  demand  for  the  reason— as  users 
will  tell  you — that  you  can't  get  a 
Transmission  Belt  for  favor  or  money 
that  will  do  more— longer— than  "COM- 
MANDER." 

Try  it  on  your  hardest  drive 
Jt  will  satisfy  you 

THE  B.F.GOODRICH  RUBBER  CBHPANY 

Makers  of  the  Celebrated  Goodrich  Automobile  Tires— 
"Bmat  in  thm  Long  Run" 

The  City  of  Gooarich- AKRON,  OHIO 

"COMMANDER" 

TRANSMISSION  BELT 
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MILWAUKEE  MEETING,  OCT.  8  TO  11,  1918 

The  118th  meeting  of  the  Institute,  which  has  been  arranged  pri- 
marily for  the  benefit  of  the  Institute  of  Metals  Division  and  of  those 
members  who  are  particularly  interested  in  iron  and  steel,  will  be  held 
in  the  Milwaukee  Auditorium,  Milwaukee,  Wis.,  on  Oct.  8  to  11,  1918. 
This  date  has  been  selected  because  at  that  time,  and  at  the  same  place, 
the  American  Foundrymen's  Association  and  the  American  Malleable 
Castings  Association  will  hold  meetings. 

A  notable  exhibit  of  metallurgical  and  mechanical  processes  and 
products,  at  which  over  165  firms  will  be  represented,  has  been  arranged 
in  Machinery  Hall,  of  th^  Auditorium  Building.  Wherever  practicable, 
the  machinery  will  be  in  operation. 

The  program  of  the  Institute's  sessions  was  published  in  Bulletin 
141.  A  special  announcement  of  the  meeting,  together  with  a  program 
of  the  sessions  of  the  American  Foundrymen's  Association,  has  been 
mailed  to  every  member  who  was  thought  to  be  directly  interested  in 
the  meeting. 

A  report  of  the  meeting  and  of  the  discussion  of  papers  will  be  printed 
in  the  December  Bulletin, 

■  •  • 
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PROCEEDINGS  OF  THE  ONE  HUNDRED  SEVENTEENTH  MEET- 
ING OF  THE  INSTITUTE,  COLORADO 

September  1  to  6,  1916 

COMMITTEE   IN   CHARGE 

Spencer  Penrose,  Chairman  George  M.  Taylor,  Vice-Chairman 

A.  E.  Carlton,  Chairman  Finance  Committee      J.  Dawson  Hawkins,  Secretary 


Denver 

Firuince 

T.  B.  Steams 
Richard  A.  Parker 
T.  B.  Burbridge 

Arrangement 
Dave  G.  Miller 
Frank  Bulkley 
Geo.  E.  Collins 

Entertainment 
F.  H.  Bostwick 
F.  E.  Shepard 
Rowland  Bancroft 
B.  P.  Morse 
J.  G.  Perry 

Ladies 


Colorado  Springs 

Finance 

A.  E.  Carlton 

Spencer  Penrose 

George  M.  Taylor 

A.  L.  Blomfield,  Treasurer 

Registration 
Loren  C.  Lennox 
Horace  F.  Lunt 
J.  M.  Tippett 


Arrangement  and  Entertainment 
George  M.  Taylor     A.  L.  Blomfield 
J.  D.  Hawkins 
A.  E.  Carlton 
G.  H.  Clevenger 
Ladies 


Thomas  B.  Crowe 
E.  P.  Arthur 
Etienne  A.  Ritter 


Cripple  Creek 

Thomas  B.  Crowe 

E.  P.  Arthur,  Jr. 
N.  S.  Greensfelder 

A.  E.  Carlton 

B.  F.  Hill 

F.  G.  Willis 
Norris  E.  Eads 
W.  E.  Ryan 
Fred  Jones 

F.  D.  Smale 
J.  H.  Haynes 
L.  W.  Lennox 
M.  R.  Valentine 


Pueblo 


Mrs.  T.  B.  Stearns,   Mrs.  G.  M.  Taylor,  Mrs.  G.  H.  Clevenger    J.  F.  Welbom 


Chairman  Chairman 

Mrs.  C.  Loughridge  Mrs.  S.'Penrose        Mrs.  A.  E.  Carlton 
Mrs.  H.  Bancroft      Mrs.  J.  D.  Hawkins  Mrs.  A.  L.  Blomfield 
Mrs.  G.  Bancroft      Mrs.  L.  C.  Lennox    Mrs.  J.  M.  Tippett 
Mrs.  W.  D.  Leonard  Mrs.  H.  F.  Lunt        Mrs.  E.  C.  van  Diest 
Mrs.  C.  Chase  Mrs.  E.  A.  Ritter      Mrs.  W.  Strieby 

Mrs.  F.  H.  Bostwick  Mrs.  L.  S.  Harner     Mrs.  C.  L.  Bailey 
Mrs.  F.  Bulkley         Miss  F.  Dickerman   Mrs.  E.  P.  Shove 

Mrs.  C.  L.  Tutt        Mrs.  F.  G.  Peck 
Mrs.  F.  D.  Pastorius 


H.  B.  Carpenter 
L.  B.  Eames 
F.  Robinson 


It  was  peculiarly  fitting  that  the  American  mining  engineer,  holding 
a  war-time  conference,  should  have  chosen  for  the  scene  of  the  meeting 
the  State  of  Colorado,  better  endowed,  perhaps,  than  any  other  State  to 
fill  the  need  for  war  minerals.  The  117th  meeting  of  the  American  In- 
stitute of  Mining  Engineers  reflected  in  both  technical  and  social  features 
an  enthusiastic  effort  to  support  every  aim  of  a  war-winning  character. 

Although  avoiding  any  lavishness  of  display  or  extravagant  enter- 
tainment, inappropriate  to  the  times,  the  Colorado  members  of  the  In- 
stitute provided  a  week  of  well  varied  instn|ction  and  recreation  such 
as  can  only  be  offered  amid  the  snow-peaked  mountains  of  the  State. 
The  fact  that  during  all  but  one  day  of  the  week  "nature's  dewy  tear 
drops''  fell  intermittently  failed  to  detract  from  the  successful  execution 
of  the  Committee's  plans. 

Two  days  in  Denver  and  four  in  Colorado  Springs,  from  which  ex- 
cursions were  made  to  the  Cripple  Creek  district  and  Pueblo,  comprised 
the  program.  On  Sunday,  Sept.  1,  the  visiting  members  and  their  guests 
arrived  in  Denver.     Registration  at  the  headquarters  in  the  Brown 
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Pftlace  Hotel  showed  a  total  of  275  on  Sunday  night,  which  number  was 
increased  to  more  than  500  before  the  close  of  the  meeting. 

Sunday  was  spent  in  a  visit  to  the  City  Park  Museum  in  Denver : 
attendance  at  a  special  recital  on  the  municipal  organ,  said  to  be  the 
largest  and  most  complete  orchestral  organ  in  the  world;  a  special 
evening  display  of  the  electric  fountain  at  City  Park,  and  automobile 
processions  through  the  City  Parks  and  Boulevards. 

On  Monday,  Sept.  2,  shortly  after  nine  o'clock,  the  first  technical 
session  of  the  meeting  was  held.  Thomas  B.  Steams  presided  and  directed 
the  discussion  on  Metallurgy. 

Two  hours  later,  the  delegates,  conveyed  by  automobiles,  were  in- 
specting the  electric  ferro-manganese  furnaces  of  the  Iron  Mountain 
Ailoy  Co.,  at  Utah  Junction,  three  miles  from  Denver.     This  plant,  it 


was  said,  is  being  used  experimentally  for  war  purposes  preparatory  to 
larger  developments.  It  is  in  many  ways  similar  to  the  type  of  plant  at 
Anaconda,  though  lacking  some  of  the  modern  improvements. 

Monday  noon  a  luncheon  was  served  to  tlie  members,  and  about  one 
hundred  ladies  who  were  guests,  in  the  Denver  Club.  Following  the 
luncheon,  Thomas  B.  Stearns,  Chairman  of  the  Denver  Finance  Com- 
mittee of  the  convention,  welcomed  the  party  to  Denver  and  made  a 
bit  of  history  by  the  remark  that  inclement  weather  had  come  "for  the 
first  time  in  365  days."  Mr.  Stearns  introduced  Mayor  W.  F.  R.  Mills, 
who  explained  some  of  the  scenic  features  of  Denver  and  then  welcomed 
the  delegates  with  the  words  "the  City  is  yours."     President  Sidney 
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J.  Jennings  of  the  Institute  thanked  Mayor  Mills  and  the  Denver  members 
on  behalf  of  the  guests. 

Immediately  after  luncheon  the  party  left  in  automobiles  for  Lookout 
Mountain  and  Genesee  Park,  a  unique  municipal  development  in  that 
it  lies  20  miles  from  the  administrative  center.  En  route,  many  of  the 
guests  were  taken  to  the  Herold  Potter>'^  Works,  at  Golden,  for  an  inspec- 
tion of  the  process  of  manufacturing  high-grade  chemical  porcelain. 

Following  the  Lariat  trail  on  Lookout  Mountain,  over  roads  built 
by  the  City  of  Denver,  the  party  reached  the  summit  in  about  one  hour 
and  a  half.  Here  is  the  grave  of  Col.  William  F.  Cody  (Buffalo  Bill) 
covered  by  native  rocks  and  stones.  Many  of  the  party  added  their 
pieces  to  the  monument,  rough  hewn  as  the  man  himself,  by  placing  a 
stone  on  his  resting  place. 

In  the  course  of  the  afternoon's  tour,  which  included  a  trip  through 
Genesee  Park  and  along  the  banks  of  the  beautiful  Bear  Creek,  a  thunder 
storm  broke  around  the  mountains,  the  greater  part  being  in  the  clouds 
beneath  the  summit  of  Lookout.  It  was  possible  to  look  down  upon  the 
storm  from  the  high  altitude  and  after  a  few  minutes  to  observe  the  sun 
shining  through  the  great  white  clouds  as  they  parted. 

On  Monday  evening  a  dinner  was  served  informally  in  the  Denver 
Country  Club  to  some  300  persons.  Following  dinner,  F.  B.  Burbridge 
of  Denver  established  a  record  as  toastmaster  by  limiting  six  speakers 
to  a  total  of  45  minutes.  The  speakers  were  Sidney  J.  Jennings,  E.  P. 
Mathewson,  H.  Foster  Bain,  C.  W.  Goodale,  Thomas  B.  Stearns,  and 
Horace  V.  Winchell. 

On  the  following  morning  the  party  journeyed  by  motor  and  train 
to  Colorado  Springs,  arriving  at  the  meeting  headquarters,  the  Broad- 
moor Hotel,  at  about  noon.  At  one  o'clock  a  splendid  luncheon  was 
served  in  the  hotel  dining  rooms. 

An  hour  later  a  memorial  service  for  Dr.  James  Douglas,  in  the  theatre 
of  the  hotel,  was  attended  by  every  member.  President  Sidney  J. 
Jennings  presided  and,  after  paying  a  tribute  to  Dr.  Douglas,  introduced 
E.  P.  Mathewson,  representing  the  Canadian  Mining  Institute,  who, 
as  a  fellow  Canadian,  told  of  Dr.  Douglas'  early  life  in  the  Dominion; 
Walter  Renton  Ingalls,  editor  of  the  Engineering  and  Mining  Journal, 
representing  the  Mining  and  Metallurgical  Society  of  America,  who  spoke 
of  Dr.  Douglas  as  a  scientist;  and  T.  H.  O'Brien,  representing  the  Phelps- 
Dodge  Corporation.  The  words  of  these  men  made  a  deep  impression 
upon  those  present.  (A  full  report  of  this  service  is  printed  on  a  later 
page.) 

A  series  of  motion  pictures,  showing  the  adaptation  to  industry  of 
soldiers  crippled  or  disabled  in  war,  were  later:  shown  in  the  theatre. 
These  pictures  were  made  by  the  Canadian  Government  and  loaned  to  the 
Institute  by  the  U.  S.  Department  of  the  Interior.  The  opportunities 
thus  far  opened  to  cripples  from  the  war,  as  pictured,  surprised 'many 
and,  as  indicated  by  informal  remarks,  strengthened  their  desire  to 
provide  **  a  better  place  for  the  cripple  than  he  had  held  before  and  to  give 
him  the  preference." 

The  remainder  of  Tuesday  afternoon  was  given  over  to  two  simul- 
taneous technical  sessions,  one  on  Ore-dressing  and  Cyanidation,  pre- 
sided over  by  G.  H.  Clevenger,  and  the  other  on  Coal  and  Coke,  at  which 
A.  E.  Carlton  presided.  At  this  latter  session  many  members  of  the 
Rocky  Mountain  Coal  Mining  Institute  were  present,  though  not  holding 
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a  joint  meeting  with  the  Institute,  as  planned,  because  of  the  absence 
of  their  president. 

The  Ladies'  Committee  of  Colorado  Springs  furnished  an  interesting 
program  during  the  time  of  the  technical  sessions,  which  included  visits 
by  automobile  to  the  Garden  of  the  Gods  and  Glen  Eyrie,  and  tea  in 
the  Castle  of  the  Glen.  Throughout  the  week  the  Ladies'  Committee 
provided  many  features  of  special  interest  to  the  visiting  ladies. 

During  Tuesday  evening  a  formal  reception  and  dance  was  held  in 
the  Broadmoor  Hotel,  continuing  until  after  midnight. 

Despite  a  heavy  mist  on  Wednesday  morning,  Sept.  4,  a  train  of 
mining  engineers  was  ready  for  a  trip  to  the  Cripple  Creek  District,  at 
8  o'clock.  A  special  train  on  the  Colorado  Midland  Railroad  was 
provided  by  the  hosts,  and  about  11  o'clock  the  party  was  skirting  the 
mountainside  in  sight  of  the  District.  The  little  town  of  Altman,  said 
to  be  the  highest  incorporated  town  in  the  world,  was  passed  and  a 
little  later  the  train  reached  Victor,  where  a  luncheon  was  served  in  a 
great  tent,  pitched  near  the  tracks,  by  the  Portland  Gold  Mining  Co. 
The  party  then  spent  some  two  hours  inspecting  the  Independence  mill. 
During  the  visit  some  of  the  guests  were  taken  through  the  Cresson  mine, 
producing  the  highest-grade  ore  of  the  district,  and  others  walked  or 
motored  down  the  deserted  streets  of  the  town.  The  romances,  the 
tragedies  and  the  disappointments  of  gold  mining  in  Cripple  Creek 
were  all  in  evidence,  but  only  as  memories.  The  business  of  gold  mining 
no  longer  reads  like  a  story  book  in  Cripple  Creek. 

The  special  train  returned  to  Colorado  Springs  at  6  o'clock.  That 
evening.  Dr.  Richard  B.  Moore  opened  a  technical  session  on  Geology 
and  Mining  in  the  theatre  of  the  Broadmoor  Hotel,  with  a  series  of 
experiments  with  radium,  presented  in  a  semi-popular  manner,  and  in- 
dicating the  uses  to  which  radium  has  been  put  in  the  war.  This  was 
followed  by  the  discussion  of  other  subjects  related  to  the  topic  of  the 
evening,  H.  Foster  Bain  presiding.  During  this  session,  the  Secretary 
presented  the  following  resolution,  recommended  by  the  Board  of 
Directors,  which  was  unanimously  passed  by  the  members: 

RESOLVED :  That  the  following  minute  be  entered  in  the  Proceed- 
ings of  this  meeting,  and  that  a  copy  thereof,  signed  by  the  President  and 
Secretary,  be  sent  to  the  family  of  Dr.  Douglas. 

Through  the  death  of  James  Douglas,  this  Institute,  in  common  with  the  pro- 
fessions of  mining  and  metallurgy,  and  the  representatives  of  liberal  learning,  technical 
education,  wise  philanthropy^  and  social  progress  throughout  the  world,  is  called 
to  deplore  the  loss  of  an  inspiring  leader,  tireless  laborer,  loyal  and  helpful  friend. 

Tfr.  Douglas'  sympathies,  quick  toward  every  worthy  cause,  were  especially 
drawn  towaiS  the  Institute,  because  its  chief  purpose,  namely,  the  free  interchange 
of  professional  knowledge  and  experience,  commanded  his  life-tong  aUegiance,  not 
only  as  a  dictate  of  wise  policy,  but  also  as  the  result  of  an  irresistible  generous  im- 
pulse. He  gave  freely;  he  gave  "himself  with  his  gift;"  and  his  reward  was  known  of 
all,  even  before  the  record  of  it,  in  the  gratitude  and  grief  of  innumerable  friends,  was 
signed  and  sealed  by  his  death.     To  them  he  was  not  only  great,  but  dear. 

Although  greeted  by  a  drizzling  rain  on  the  morning  of  Thursday, 
Sept.  5,  and  the  prediction  that  snow  was  falling  on  the  mountain,  some 
150  of  the  delegates  set  out  early  to  make  the  ascent  of  Pikes  Peak  by 
automobile.  The  first  motor  car  reached  the  top  of  the  Peak  through  a 
heavy  snow  fall  in  about  four  hours,  and  before  the  last  car  of  the  party 
had  turned  back  there  was  five  inches  of  snow  on  the  ground.    Lunch  was 
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served  at  Glen  Cove  on  the  Pikes  Peak  Highway  and,  despite  the  obstacles 
of  the  trip,  those  courageous  enough  to  take  it  were  delighted  with  the 
novelty  of  the  adventure.  During  the  afternoon,  those  who  had  remained 
at  headquarters  and  some  of  those  returning  from  the  Peak,  visited  the 
Golden  Cycle  mill  on  the  outskirts  of  Colorado  Springs.  Here  they 
observed  the  precipitation  of  gold  on  zinc  and  the  cyanidation  of  low- 
grade  ores  on  a  vast  scale. 

Thursday  evening  was  perhaps  the  busiest  single  period  of  the  week. 
Five  meetings  were  held  between  8  o'clock  and  midnight,  all  of  the  greatest 
interest.  The  first  meeting  featured  a  series  of  motion  pictures  showing 
mining  and  milling  methods,  welfare  work,  and  the  patriotic  impulse  in 
the  daily  routine  of  the  Inspiration  Consolidated  Copper  Co.,  at  Inspira- 
tion, Arizona.  Dr.  L.  D.  Ricketts  supplemented  the  title  explanations 
of  the  "movies"  with  concise  facts  that  made  the  exhibition  almost  as 
instructive  as  a  visit.  The  pictures  were  models  in  the  field  of  cinemato- 
graphy, even  though  made,  in  some  instances,  under  handicaps. 

President  Jennings,  at  9  o'clock,  presided  at  a  meeting  in  memory 
of  the  15  members  of  the  Institute  known  to  have  made  the  supreme  sacri- 
fice in  the  war.  A  service  flag  of  the  Institute,  showing  845  in  service, 
hung  from  the  stage,  and  as  Secretary  Stoughton  read  the  records  of 
those  who  have  died  or  been  killed  in  the  service  of  the  Allies,  their  pic- 
tures were  thrown  upon  the  screen.  Everyone  attending  at  the  Conven- 
tion joined  in  paying  tribute  at  this  service.  (A  record  of  this  meeting 
is  printed  on  a  later  page.) 

During  the  remainder  of  the  evening,  three  technical  sessions  were 
held  simultaneously,  the  principal  one  being  on  Petroleum,  presided  over 
by  R.  D.  George.  The  others  were  a  continuation  of  the  discussion  of 
electrostatic  precipitation,  opened  at  Monday  morning's  meeting,  and  a 
session  on  coal  mining  problems  of  today. 

Friday  morning  dawned  auspiciously  for  the  trip  to  Pueblo,  and  an 
elaborate  program  of  entertainment  for  the  ladies.  The  majestic  hills 
forming  a  background  for  the  hotel  were  bathed  in  sunlight  and  the  air 
was  mild  and  balmy.  A  special  train  on  the  Colorado  &  Southern  Rail- 
road left  the  Springs  at  9  o'clock,  taking  the  party  south  over  the  plains 
to  Pueblo  and  thence  to  Minnequa,  where  the  works  of  the  Colorado 
Fuel  and  Iron  Co.  are  situated. 

After  an  hour's  visit  to  the  enormous  byproduct  coke  ovens,  installed 
in  July,  the  members  and  guests  were  given  luncheon  in  the  company 
clubhouse  situated  on  the  edge  of  a  small  lake.  The  desire  of  most  of 
the  party  to  spend  all  their  time  in  the  works,  which  have  established, 
with  other  steel  works,  such  an  important  place  in  war-winning  fields, 
shortened  the  lunch  period,  and  automobiles  were  pressed  into  service 
in  scores  to  return  the  delegation  to  the  works.  During  the  afternoon 
everyone  was  given  an  opportunity  to  inspect  the  Bessemer  and  open- 
hearth  processes.  Some  40  executives  of  the  plant  took  groups  of  the 
engineers  on  a  thorough  tour  of  inspection.  The  maximum  monthly 
record  for  these  works  in  production  of  steel  is  55,000  tons.  Some  6000 
men  are  employed. 

The  return  to  Colorado  Springs  was  made  on  the  special  train  about 
6  o'clock.  The  advantages  of  travel  by  special  train,  which  was  achieved 
so  eflSciently  by  the  Colorado  Committee,  relate  to  more  than  mere 
transportation.  The  opportunity  for  social  intercourse  affords  a  chance 
to  form  many  new  acquaintances,  which  are  renewed  year  after  year 
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among  the  profession,  and  are  often  cemented  into  warm  friendships. 

During  Friday,  the  ladies  of  the  party  were  driven  by  automobile  to 
Crystal  Park,  where  a  picnic  lunch  was  served,  and  at  4.30  o'clock  Mrs. 
Spencer  Penrose  entertained  them  at  a  garden  party  at  El  Pomar. 

To  banquet  with  a  State  Food  Administrator  as  toastmaster  might 
seem  a  dull  form  of  amusement,  but  the  banquet  on  Friday  night,  in  the 
dining  room  of  the  Broadmoor,  which  marked  the  close  of  the  117th 
meeting,  was  a  lively  finale  for  the  week.  Twenty-four  songs,  printed 
in  booklet  form  and  most  of  them  of  a  patriotic  character,  kept  the  spirits 
of  the  party  high.  A  quartet  led  the  singing  and  their  efforts  were  assisted 
by  various  amateur  song  writers  among  the  diners.  Not  the  least 
capable  among  these  was  one  who  immortalized  the  Thursday  morning 
push  to  the  top  of  the  Peak  by  the  following  verse  —  sung  to  the  tune  of 
"There's  A  Long,  Long  Trail"— 

There's  a  long,  lon^  trail  awinding 
Up  to  the  top  of  Pikes  Peak, 
Where  the  sun  is  always  shining 
And  the  clouds  don't  leak. 
There's  a  long,  long  time  of  waiting 
Until  the  luncn  box  comes  through. 
Till  all  the  mining  engineers 
Are  sitting  down  to  chew. 

Thomas  B.  Stearns  made  an  inimitable  toastmaster;  he  was  in- 
troduced by  A.  E.  Carlton. 

President  Sidney  J.  Jennings,  the  first  speaker,  stated  that  the  aim 
of  the  Institute  now  is  to  win  the  war,  and  completely  defeat  the  Hun. 
Then  he  told  of  some  of  the  work  being  done  by  members  of  the  Institute 
in  important  posts,  and  closed  with  a  warning  to  "steel  our  hearts  against 
the  insidious  propaganda  of  the  German  Government,  which  is  sure  to 
come,  and  perhaps  very  soon  when  they  realize  the  tide  has  turned  against 
them."  He  thanked  the  Institute's  hosts  for  the  entertainment  which  he 
characterized  as  delightful  in  every  respect. 

Captain  Louis  Benett,  representative  of  Andr6  Tardieu,  French  High 
Commissioner  of  France  to  the  United  States,  electrified  the  guests  by 
telling  them  that  the  present  need  is  not  for  transportation  or  food  but 
"to  pour  as  many  tons  of  steel  as  you  have  on  the  heads  of  your  enemy." 
Tremendous  applause  greeted  his  statement  that  "America  is  doubtless 
France's  best  friend." 

Philip  N.  Moore  then  spoke  of  the  importance  of  the  mining  engineer 
in  every  walk  of  life,  and  E.  P.  Mathewson  pictured  the  work  of  women  in 
Canadian  mining  centers.  He  said  they  do  all  kinds  of  work  around 
smelters  except  heavy  lifting,  and  that  when  women  take  their  place  in 
American  mining  it  will  be  found  that  "they  will  do  the  job  better  than 
•the  men  ever  did." 

C.  W.  Goodale,  who  first  came  to  Colorado  as  a  mining  engineer  in 
1876,  stated  the  cardinal  necessities  to  the  proper  administration  of  efii- 
cient  mining,  as  regards  the  employe. 

Secretary  Bradley  Stoughton  told  the  guests  of  the  auspicious  begin- 
ning of  the  Washington,  D.  C,  section  of  the  Institute.  He  then  urged 
the  greater  use  of  the  library  in  the  Engineering  Building  in  New  York, 
although  stating  that  it  is  now  doing  work  for  more  mining  engineers  and 
metallurgists  than  for  any  other  of  the  great  societies  in  the  building. 
He  then  explained  the  value  of  the  Index  which  first  appeared  in  the 


X  MONTHLY  Bulletin  No.  142,  October,  1918 

• 

September  Bulletin;  gave  new  honor  to  the  Woman^s  Auxiliaiy  for  their 
war  work,  especially  the  founding  of  a  dispensary  in  France,  and  expressed 
the  great  appreciation  of  the  members  and  friends  for  the  untiring 
and  thorough  efforts  of  the  Colorado  members  in  making  the  meeting 
highly  successful,  none,  he  said,  having  exceeded  it  in  varied  features. 

Horace  V.  Winchell  spoke  on  the  Russian  situation,  and  Dr.  L.  D. 
Ricketts  closed  the  banquet,  telling,  in  blank  verse,  the  career  of  the  min- 
ing engineer. 

Dancing  followed  the  banquet  and  the  ballroom  was  filled  till  a  late 
hour,  as  it  had  been  on  each  of  the  four  evenings  spent  in  the  Springs. 

On  Saturday,  Sept.  7,  several  of  the  engineers  went  to  the  Leadvflle 
district  to  view  the  production  of  the  many  war  minerals  of  that  locality, 
but  most  of  the  party  started  for  their  homes  on  Saturday  morning. 

Technical  Sessions 

Session  on  Metallurgy 

The  session  on  metallurgy  was  held  on  Monday  morning,  Sept.  2, 
1918,  at  the  Brown  Palace  Hotel,  Denver,  Mr.  T.  B.  Stearns  presiding. 
The  following  papers  were  presented : 

Electrolytic  Zinc.  By  C.  A.  Hansen.  (Presented  by  author  and  discussed  by 
Sidney  J.  Jennings  and  the  author.     Written  discussion  by  J.  L.  McK.  Yardley.) 

The  Manufacture  of  Ferro-alloys  in  the  Electric  Furnace.  By  R.  M.  Keeney, 
(Presented  by  the  author.) 

The  Metallography  of  Tungsten.  By  Zay  Jeffries.  (Presented  by  title.  Written 
discussion  by  Sir  Robert  A.  Hadfield.) 

ITie  Condensation  of  Zinc  from  Its  Vapor.  By  C.  H.  Fulton.  (Presented  by 
title  and  discussed  by  E.  E.  Thum.)  • 

Electrostatic  Precipitation.  By  O.  H.  Eschholz.  (Presented  bj'  title.  Written 
discussions  by  Harmon  E.  F.  Fisher  and  G.  B.  Rosenblatt.) 

Oxygen  and  Sulphur  in  the  Melting  of  Copper  Cathodes.  By  S.  Skowronski. 
(Presented  by  title.) 

The  Relation  of  Sulphur  to  the  Overpoling  of  Copper.  By  S.  Skowronski.  (Pre- 
sented by  title  and  discussed  by  Philip  L.  Gill.) 

The  Practice  of  Antimony  Smelting  in  China.  By  C.  Y.  Wang.  (Presented  by 
title.) 

Session  on  Coal  and  Coke 

The  session  on  coal  and  coke  was  held  on  Tuesday  afternoon,  Sept. 
3,  Mr.  A.  E.  Carlton  presiding.     The  following  papers  were  presented: 

The  Byproduct  Coke  Oven  and  Its  Products.  By  William  Hutton  Blauvelt. 
(Presented  by  title  and  discussed  by  Graham  Bright,  S.  A.  Moss,  John  I.  Thompson.) 

The  Use  of  Coal  In  Pulverized  Form.  By  H.  R.  Collins.  (Presented  by  the 
author  and  discussed  by  E.  A.  Holbrook,  Captain  Walter  Graham,  Bradley  Stoiightoo, 
Milnor  Roberts,  Erskine  Ramsay,  H.  N.  Eavenson  and  the  author.) 

Carbocoal.  By  C.  T.  Malcolmson.  (Presented  by  the  author.  Written  discus- 
sions by  F.  W.  Sperr,  Jr.,  N.  W.  Roberts,  J.  M.  Fitzgerald,  W.  R.  Cox,  F.  R.  Wadleigh. 
Charles  Catlett,  C.  |M.  Bamett.) 

Development  of  the  Coke  Industry  in  Colorado,  Utah  and  New  Mexico.  By  F. 
C.  Miller.     (Presented  by  the  author.) 

Price  Fixing  of  Bituminous  Coal  by  the  U.  S.  Fuel  Administration.  By  Cyrus 
Garnsey,  R.  V.  Norris  and  J.  H.  Allport.     (Presented  by  the  Secretary.) 

Coal  Mining  in  Washington.  By  F.  A.  Hill.  (Presented  by  title.  Written 
discussion  by  Milnor  Roberts.) 

Sessioji  on  Ore-dressing  and  Cyanidation 

The  session  on  ore-dressing  and  cyanidation  was  held  on  Tuesday 
afternoon,  Sept.  3,  Mr.  G.  H.  Clevenger  presiding.  The  following  papers 
were  presented: 
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The  Effect  of  Oxygen  upon  the  Precipitation  of  Metals  from  Cvanide  Solutions. 
By  T.  B.  Crowe.  (Presented  by  the  author  and  discussed  by  J.  V.  N.  Dorr,  A.  L. 
Blomfield^  C.  A.  Hansen,  G.  M.  Tavlor,  L.  H.  Dushak.) 

Roasting  for  Amalgamating  and  Cyaniding  Cripple  Creek  Sulphotelluride  Gold 
Ores.  By  A.  L.  Blomneld  and  M.  J.  Trott.  (Presented  by  the  authors  and  dis- 
cussed by  J.  V.  N.  Dorr  and  J.  M.  Tibbetts.) 

Tbe  Tailing  Excavator  at  the  Plant  of  the  New  Cornelia  Copper  Co.,  Aio,  Ariz. 
By  Frank  Moeller.     (Presented  by  the  author  and  discussed  by  E.  P.  Matthewson, 

C.  A.  Hansen  and  Frank  Moeller.) 

The  Elko  Prince  Mine  and  Mill.  By  J.  V.  N.  Dorr  and  C.  D.  Dougan. 
(Presented  by  the  authors.) 

Crushing  Resistance  of  Various  Ores.  By  L.  W.  Lennox.  (Presented  by  the 
author  and  discussed  by  R.  B.  T.  Kihani,  C.  A.  Hansen,  V.  A.  Stout,  Rudolf  Oahl 
and  the  author.) 

Hand-sorting  of  Mill  Feed.  By  R.  S.  Handy.  (Presented  by  title.  Written 
discussions  by  A.  Stanley  Hill,  W.  L.  Ziegler,  L.  O.  Howard,  Clarence  A.  Wright, 

D.  C.  Bard,  S.  A.  Easton,  F.  A.  Thomson,  W.  H.  Linney  and  the  author.) 

The  Automatic  Separation  of  Solution  from  Solids  in  the  Hydro-metallurgical 
Treatment  of  Ore  Pulps.     By  Bernard  Mac  Donald.     (Presented  by  title.) 

Fine-grinding  Cyanide  Plant  of  Barnes-King  Development  Co.  By  J.  H.  McCor- 
mick.    (Presented  by  title.) 

Session  on  Economic  Geology  and  Mining  Practice 

The  session  on  economic  geology  and  mining  practice  was  held  on 
Wednesday  evening,  Sept.  4,  Mr.  H.  Foster  Bain  presiding.  The  fol- 
lowing papers  were  presented: 

Radium.  By  R.  B.  Moore.  (Presented  by  the  author  and  illustrated  by  experi- 
ments.   Discussed  by  Dr.  W.  A.  Schlesinger,  H.  J.  Seaman,  S.  A.  Moss  and  the  author.) 

Molybdenite  Operations  at  Climax,  Colorado.  By  D.  F.  Haley.  (Presented  by 
the  author.) 

Engineering  Problems  Encountered  During  Recent  Mine  Fire  at  Utah- Apex  Mine, 
Bingham  Canyon,  Utah.  By  V.  S.  Rood  and  J.  A.  Norden.  (Presented  by  V.  8. 
Rood  and  discussed  by  George  S.  Rice  and  V.  S.  Rood.) 

The  Relation  of  Sulphides  to  Water  Level  in  Mexico.  By  P.  K.  Lucke.  (Pre- 
sented by  title.) 

The  Mechanics  of  Vein  Formation.     By  Stephen  Taber.     (Presented  by  title.) 

Pyrite  Deposits  of  Jjeadville,  Colorado.  By  Howard  S.  Lee.  (Presented  bv  the 
author.) 

Fireproofing  Mine  Shafts  of  the  Anaconda  Copper  Mining  Co.  By  E.  M.  Norris. 
'Presented  by  title.) 

Mr  Blasts  in  the  Kolar  Gold  Field,  India.     By  E.  S.  Moore,     (Presented  by  title.) 

Man  Power.     By  J.  Parke  Channing.     (Presented  by  title.) 

Sefision  on  Petroleum 

The  session  on  petroleum  was  held  on  Thursday  evening,  Sept.  5, 
Mr.  R.  D.  George  presiding.     The  following  papers  were  presented: 

Gaging  and  Storage  of  Oil  in  the  Mid-Continent  Field.  By  O.  U.  Bradley. 
fPresented  by  the  author  and  discussed  by  C.  B.  Ponney.) 

An  Interpretation  of  the  So-called  Paraffin  Dirt  of  the  Gulf  Coast  Oil  Fields. 
By  A.  D.  Brokaw^.  (Presented  by  title.  Written  discussions  by  W.  E.  Wrather, 
E.  G.  Woodruff  and  Lee  Hager.) 

The  Theory  of  the  Volcanic  Origin  of  Salt  Domes.  By  E,  L.  DeGolyer.  (Pre- 
sented   by    title.     Written    discussion    by    J.    A.     Udden    and    E.   L.  DeGolyer. 

A  Concrete  Example  of  the  Use  of  Well  Logs.  By  Mowr>'  Bates.  (Presented  by 
the  author  and  discussed  by  C.  A.  Hammill,  Dorscy  Hager  and  the  author.) 

Oil  in  Southern  Tamaulipas,  Mexico.  By  Ezcquicl  Ordonez,  (Presented  by 
title.    Written  discussion  by  V.  R.  Garfias.) 

Geolog>'  of  the  Oil  Fields  of  North  Central  Texas.  By  Dorscy  Hager.  (Proseritod 
by  the  author  and  discussed  by  C  A.  Hammill,  G.  H.  Real,  M.  I.  Goldman,  J.  S.  Lewis, 
i  C.  Dennis  and  the  author.     Written  discussion  by  W.  E.  Pratt.) 
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Staggering  Locations  for  Oil  Wells.  By  R.  H.  Johnson.  (Presented  by  title  and 
discussed  by  J.  L.  Lewis.) 

Losses  of  Crude  Oil  in  Steel  and  Earthen  Storage.  By  O.  U.  Bradley.  (Pre- 
sented by  the  author.) 

The  Possible  Existence  of  DeepHseated  Oil  Deposits  on  the  Gulf  Ck>ast.  By  A.  F. 
Lucas.     (Presented  by  title.) 

Litholo^  of  the  Berea  Sand  in  Southern  Ohio,  and  Its  Effect  on  Production.  By 
L.  S.  Panyity.     (Presented  by  title.) 

THE  JAMES  DOUGLAS  MEMORIAL  SERVICE 

On  Tuesday  afternoon,  Sept.  3,  the  Institute  held  a  service  in  com- 
memoration of  Dr.  James  Douglas,  who  died  at  New  York  on  June  25, 
1918.    President  Sidney  Jennings  presided. 

President  Jennings. — We  are  met  here  to  show  our  appreciation 
of  the  Ufe  of  a  great  man,  and  we  shall  gain  strength  to  do  our  own  daily 
tasks  from  the  contemplation  of  a  career  strongly  founded,  continuously 
built  up,  having  the  star  of  hope  as  its  guiding  light. 

Dr.  Douglas  was  an  engineer,  a  scientist,  a  literateur  with  a  charming 
sense  of  style,  a  benefactor  with  a  singularly  wide  variety  of  interests, 
and  a  man  who  had  acquired  wisdom  and  understanding,  which  surpass 
very  great  riches.  As  the  poet  puts  it,  "  When  some  beloved  voice  that 
was  to  you  both  sound  and  sweetness  faileth  suddenly,  and  silence 
against  which  you  dare  not  cry  aches  around  you  like  some  disease  both 
strong  and  new,  we  poor  mortals  strive  to  fill  that  silence  with  words  of 
sympathy  and  appreciation."  The  very  Umitation  of  these  words  shows 
our  need  of  the  light  and  guidance  which  we  can  acquire  from  the  con- 
templation of  the  life  of  Dr.  Douglas. 

Other  speakers  will  deal  with  various  phases  of  the  life  of  Dr.  Douglas; 
I  can  speak  from  personal  knowledge  of  only  one  of  his  many  benefactions 
to  the  American  Institute  of  Mining  Engineers. 

In  1905,  Mr.  Andrew  Carnegie  gave  to  the  four  national  engineering 
societies  of  America  a  sum  of  money  sufficient  to  erect  a  large  and 
beautiful  building  in  which  to  house  their  activities.  He  wisely  coupled 
with  that  gift  a  proviso  that  the  societies  should  acquire  the  title  to  the 
ground  upon  which  it  was  to  be  built.  That  entailed  upon  the  slender 
resources  of  the  American  Institute  of  Mining  Engineers  a  very  heavy 
burden.  Many  attempts  were  made  to  lighten  it  and  contributions  were 
made,  but  still  the  burden  was  heavy,  and  when  I  was  elected  to  the 
Board  of  Directors,  it  still  weighed  heavily  upon  us. 

Dr.  Douglas,  although  he  had  twice  filled  the  office  of  President  of  the 
Institute  and  had  given  much  of  his  time  and  thought  as  a  Director,  came 
to  the  rescue  and  undertook  to  raise  the  large  sum  of  money  that  was 
necessary  to  free  the  Institute  from  debt.  In  a  comparatively  short  time, 
in  1914,  largely  through  his  own  personal  contributions  and  those  of 
members  of  the  firm  with  which  he  was  associated,  this  burden  was 
lifted,  and  the  Board  of  Directors  and  members  of  the  Institute  were  able 
to  breathe  once  more  the  air  of  financial  freedom. 

In  addition  to  the  numerous  and  large  gifts  that  Dr.  Douglas  has 
made  to  the  Institute,  by  the  terms  of  his  will  the  sum  of  $100,00Q  has 
been  given  it  for  the  use  of  its  library,  and  it  is  hoped  that  this  sum, 
together  with  the  yearly  contributions  made  by  the  four  national  societies, 
will  bring  the  library  service  to  that  degree  of  perfection  which  all  those 
who  are  interested  in  the  library  and  its  work  aim  to  achieve. 
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I  shall  now  ask  Mr.  E.  P.  Matthewson,  a  Canadian,  to  tell  us  of  the 
early  days  of  Dr.  Douglas,  who  was  also  a  Canadian. 

E.  P.  Matthewson. — In  my  early  youth  I  knew  of  no  name  in  science 
to  compare  with  that  of  Dr.  Douglas.  He  was  associated  many  years 
with  the  late  Dr.  T.  Sterry  Hunt,  and  Dr.  Hunt  was  the  immediate  cause 
of  my  coming  to  the  United  States  from  Canada  and  entering  on  my 
professional  career  in  this  country. 

Dr.  Douglas  was  a  man  of  most  benevolent  disposition,  far-seeing 
in  many  ways,  who,  though  possessed  of  much  wealth,  thought  nothing 
of  money;  he  had  not  the  love  of  money  at  all.  The  only  use  he  had  for 
money  was  to  do  good  to  those  who  needed  it. 

Dr.  Douglas  was'  particularly  thoughtful  of  his  Canadian  fellow 
countrymen  and  particularly  of  those  who  were  engaged  in  scientific 
pursuits.  The  educational  institutions  of  Canada  were  frequently 
benefited  by  his  benevolence.  McGill  University  was  highly  favored 
by  Dr.  Douglas,  after  he  learned  of  the  financial  difficulties  of  that  in- 
stitution. McGill,  not  being  granted  any  aid  from  the  state,  and  relying 
upon  private  benevolence,  had  outstripped  its  income  in  giving  what  it 
could  of  educational  advantages  to  Canadians,  and  it  became  necessary 
at  one  time  to  have  a  campaign  for  more  funds.  In  this  campaign  Dr. 
Douglas  responded  nobly  and  was  the  means  of  getting  the  necessary 
funds  to  go  on  with  the  good  work  of  that  University!  The  University 
from  which  he  graduated,  Queens  University,  was  also  frequently  aided 
by  his  benefactions.  Altogether,  the  sums  given  by  him  during  his  life- 
time to  Canadian  institutions  would  be  probably  up  in  the  millions, 
but  he  was  so  unobtrusive  and  so  retiring  in  his  disposition  that  he  seldom 
allowed  his  name  to  be  used  in  connection  with  these  matters  unless  it 
was  possible,  by  using  his  name,  to  influence  others  to  simOar  benevolence. 
Anywhere  in  Canada,  if  you  mention  the  name  "Douglas,''  you  will 
find  people  who  will  say  at  once,  "That  was  a  great  Canadian,  a  man  we 
all  reverenced. " 

(Mr.  Matthewson  next  read  the  biography  of  Dr.  Douglas  printed  in 
the  July  6,  1918,  issue  of  the  Engineering  and  Mining  Journal.  As  a 
biography  written  by  Dr.  R.  W.  Raymond  has  also  been  published  in 
our  Bulletin  No.  141,  and  an  "Appreciation,"  by  Dr  A.  R.  Ledoux,  in 
our  Bulletin  No.  109,  it  is  hardly  necessary  to  reprint  here  the  account 
read  by  Mr.  Matthewson. — Ed.) 

Dr.  Douglas  had  the  broadmindedness  to  introduce  the  open  door 
into  metallurgy.  Prior  to  his  advent  into  the  metallurgical  field,  the 
non-ferrous  metallurgists  in  this  country,  in  Canada,  and  practically 
all  over  the  world,  were  absolutely  oyster-like  toward  visitors.  No 
one  was  admitted  who  did  not  have  a  letter  of  recommendation  from  one 
of  the  Board  of  Directors,  at  least.  But  Dr.  Douglas,  early  in  his  career 
in  this  country,  allowed  every  one  to  come  to  the  plant  and  visit  the  mines 
with  which  he  was  connected.  He  welcomed  them,  and  argued  that  he 
was  getting  as  much  benefit  from  the  visitors  as  the  visitors  were  getting 
from  him. 

The  example  of  Dr.  Douglas  was  followed  by  many  metallurgists 
in  this  country,  iand  today  we  may  say  that  there  is  hardly  a  non-ferroas 
metallurgical  establishment  in  the  United  States  and  Canada  to  which  a 
person  who  is  honestly  seeking  information  cannot  obtain  access.  Of 
course,  during  war  times  a  few  precautions  are  taken  for  fear  that  informa- 
tion might  get  to  the  enemy.     This,  of  itself,  is  enough  to  make  Dr. 


xiv  Monthly  Bulletin  No.  142,  October,  1918 

Douglas  called  a  great  man,  and  to  let  his  name  go  down  to  posterity  as 
really  the  father  of  open-door  metallurgy. 

President  Jennings. — I  will  ask  Mr.  W.  R.  Ingalls,  Editor  of  the 
Engineering  and  Mining  Journal^  who  was  thrown  in  contact  with  many  of 
Dr.  Douglas's  scientific  activities  in  the  United  States,  to  tell  us  of  his 
achievements  as  a  scientist. 

W.  R.  Ingalls. — In  the  death  of  Dr.  Douglas  the  Institute  lost  its 
greatest  member,  the  mining  industry  lost  one  of  its  greatest  exponents, 
and  the  world  lost  a  philosopher.  Fortunate  are  we  all  that  his  works 
and  his  inspiration  live  after  him.  The  results  of  his  material  work  will 
doubtless  disappear  in  the  course  of  time,  just  as  did  most  of  the  construc- 
tion work  of  the  Greeks  and  the  Romans,  but  just  as  the  teachings  of  their 
philosophers  survive,  so  will  those  of  Dr.  Douglas,  and  his  inspiration 
will  be  one  of  the  world's  greatest  possessions  forever. 

The  appreciation  of  how  great  a  man  he  was  will  be  clearer  and  keener 
in  the  future  than  it  is  now.  No  matter  how  much  we  may  think  we 
understood  him,  reflection  and  meditation  will  surely  reveal  to  us  many 
things  about  him  that  not  yet  do  we  see. 

Dr.  Douglas  was  a  very  successful  man  in  material  things,  and  it  is 
one  of  the  remarkable  features  of  his  career  that  this  kind  of  success  did 
not  begin  to  accrup  until  he  was  nearly  50  years  of  age.  It  is  even  more 
marvelous  to  us  in  his  profession  that,  although  he  attained  a  great  age, 
his  great  accomplishments  were  achieved  during  about  33  years,  and  those 
the  latter  years  of  his  life. 

He  became  a  captain  of  industry,  which  in  itself  was  a  distinction 
for  one  who  was  inherently  a  philosopher,  and  he  acquired  great  wealth 
for  which  he  did  not  care  and  which  he  bestowed  bounteously  upon  many 
worthy  causes;  but  ambition  for  material  power  and  a  sordid  interest 
in  acquiring  a  great  fortune  were  the  furthest  of  anything  from  his 
thoughts.  His  mind  and  his  fibre  were  different;  his  habits  were  simple; 
his  mode  of  living  was  most  modest.  His  thoughts  were  largely  of  his 
studies,  and  those  studies  were  mainly  concentrated  upon  the  improve- 
ment of  human  welfare. 

I  do  not  remember  when  I  first  became  acquainted  with  Dr.  Douglas. 
I  knew  of  him,  of  course,  from  my  introduction  into  professional  studies. 
The  beautiful  metallurgical  process  devised  by  him  in  connection  with  the 
redoubtable  Sterry  Hunt  was  one  of  the  things  that  we  were  given  to 
ponder  upon  in  the  class-room. 

I  think  I  first  met  Dr.  Douglas  about  20  years  ago  in  connection  with 
his  very  ingenious  muffle  roasting  furnace,  but  my  intimate  association 
with  him  was  during  the  last  12  years,  when  there  existed  the  relations 
which  naturally  exist  between  an  editor  and  his  most  valued  con- 
tributor, and  also  the  relations  that  exist  between  the  fellow  members  of 
committees  engaged  in  doing  public  work. 

It  has  not  been  until  his  death  that  I  appreciated  the  demands  that  I 
made  upon  him  and  the  generosity  and  the  alacrity  with  which  he 
invariably  acceded  to  them.  That  is  simply  one  of  the  revelations  of 
the  character  of  this  remarkable  man  that  come  to  us  when  he  is  no  longer 
with  us. 

Considering  his  multifarious  engagements  as  the  head  of  the  great 
mining,  railway,  and  other  industrial  enterprises,  I  am  appalled  to  think 
that  I  could  ask  him,  in  the  interest  of  the  profession  and  of  the  public, 
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to  put  his  work  aside  and  do  the  writing  and  the  speaking  that  I  and 
others  wanted  him  to  do.  For  the  very  reason  that  he  wanted  to  aid  his 
fellow  men,  he  was  so  generous.  Oftentimes  he  would  suggest  to  me 
editorials  that  should  be  written  and  should  be  published.  Many  of  the 
most  important  editorial  expressions  that  we  have  made  to  the  public 
during  the  last  12  years  have  been  the  anonymous  contributions  of  Dr. 
Douglas,  besides  those  to  which  he  so  liberally  affixed  his  name.  Often- 
times he  would  say  to  me  that  at  the  metallurgical  works  of  the  Copper 
Queen  Company  some  important  investigations  were  coming  to  a  head, 
investigations  whereof  the  profession  should  be  fully  informed,  and  that 
he  woiJd  direct  his  metallurgical  men  to  work  up  papers  on  those  subjects 
for  the  benefit  of  the  industries. 

Now,  to  my  mind,  the  thing  that  above  everything  else  constitutes 
Dr,  Douglas  as  one  of  our  great  men,  a  man  greater  than  any  of  us  yet 
appreciate,  is  just  that  interest  of  his  in  the  promotion  of  human  knowl- 
edge and  the  promotion  of  such  knowledge  as  would  better  the  welfare 
of  the  human  race  and  enable  men  to  work  more  advantageously. 

I  think  perhaps  his  first  declaration  of  the  principle  of  the  open  door, 
of  which  Mr.  Matthewson  has  spoken  so  fittingly,  is  to  be  found  in  his 
presidential  address  to  this  body  in  1899,  and  may  I  read  just  a  few  words 
from  that  address,^  which  give  the  essence  of  his  ideas? 

The  motives  influencing  the  ^reat  body  of  writers  who,  without  any  pay,  use  the 
t^hnieal  journals  and  such  media  of  communication  as  our  Transactions^  in  order  to 
give  to  the  brethren  of  their  craft  the  results  of  their  dearly  earned  experience  are 
various  and  comp»licated,  but  in  the  majority  of  cases  the  impulse  originates  in  the 
desire  for  reciprocity  and  in  the  hope  that  others  will  tell  what  they  know  in  return  for 
what  we  ourselves  communicate  and  that,  therefore,  we  shall  learn  at  least  as  much  as 
we  can  teach. 

Dr.  Douglas  himself  practised  what  he  preached.  There  was  never 
any  secret  about  operations  at  the  Copper  Queen  or  at  any  of  his  enter- 
prises. To  every  visitor  and  applicant  for  information  the  helping  hand 
was  extended.  This  spirit  spread  among  other  managers,  and  to  that 
spirit  more  than  anything  else  ought  we  attribute  the  high  stage  of 
efficiency  to  which  our  American  mining  and  metallurgical  industries 
have  come. 

If  we  should  turn  to  the  other  side  of  the  shield,  we  should  find  that 
in  Great  Britain  these  industries  have  been  backward  for  just  the  opposite 
reason.  A  few  years  ago  I  asked  a  distinguished  lead  smelter  of  Great 
Britain  to  contribute  a  paper  upon  the  lead  smelting  industry  of  his 
country.  He  replied  that  he  could  better  contribute  a  paper  upon  the 
lead  smelting  industry  of  America,  for,  although  he  had  been  engaged  in  a 
prominent  metallurgical  center  of  Great  Britain  for  30  years  in  one  of 
the  leading  smelting  works,  and  although  in  the  same  place  there  were  two 
other  smelting  works  like  his  own,  he  had  never,  during  the  30  years, 
been  into  either  of  them,  nor  had  either  of  those  managers  been  into  his 
works;  but  since  this  great  war  has  been  in  progress,  our  British  friends 
have  learned  the  lesson  that  Dr.  Douglas  first  taught  in  this  country. 
They  are  profiting  by  it,  they  are  collaborating,  they  are  throwing  open 
their  doors  to  one  another  for  an  exchange  of  information  to  such  an 
extent  that  they  are  perhaps  outdoing  us,  and  will  not  unlikely  compel 
us  to  look  to  our  laurels. 


1  Trans.  (1899),  29,  648. 
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And  so  it  is  that  the  spirit  of  Dr.  Douglas  is  spreading  all  over  the 
world,  not  only  through  our  own  country  and  Canada,  but  also  through 
Australia  and  Great  Britain,  as  it  will  also  spread  through  other  parts 
of  the  world,  and  it  is  for  that  reason  that  the  time  is  going  to  come  when 
the  entire  world  will  know  him  for  the  great  philosopher  and  the  great 
prophet  that  we  already  know  him  to  be. 

President  Jennings. — I  will  now  ask  Mr.  T.  H.  O'Brien,  who  has  been 
delegated  by  the  Phelps,  Dodge  Corporation,  as  one  who  was  intimately 
acquainted  with  the  activities  of  Dr.  Douglas,  to  tell  us  of  his  work  in 
Arizona  and  the  Southwest,  and  in  America  generally. 

T.  H.  O'Brien. — The  death  of  Dr.  Douglas  closed  a  long,  honorable, 
and  eventful  career,  filled  with  accomplishments  that  would  have  oc- 
cupied fully  the  lives  of  several  men  of  less  marked  ability.  Seldom 
has  one  man  combined  in  the  short  span  of  human  life  such  exceptional 
achievements.  Little  can  be  said  regarding  his  knowledge  and  ability 
as  an  engineer  and  a  scientist  that  has  not  already  been  published, 
and  is  known  to  the  members  of  this  Institute.  His  accomplishments 
were  so  varied  and  extensive  that  nothing  short  of  the  story  of  his  life, 
written  by  a  competent  biographer,  can  do  him  justice. 

I  am  not  here  to  give  a  detailed  account  of  his  business  career,  but 
rather  as  a  friend  and  an  employe  who  was  associated  with  him  for  many 
years,  to  tell  you  something  about  his  work  in  connection  with  the  com- 
pany of  which  he  was  so  long  the  executive  head,  and  to  pay  him  tribute. 

It  was  in  1880,  attracted  by  some  specimens  of  ore  sent  from  a  mine 
in  Arizona,  that  he  paid  his  first  visit  to  that  far  off  land  of  which  the 
East  then  knew  so  little,  which  had  only  lately  been  made  accessible  by 
the  construction  of  a  trans-continental  railway.  It  was  then  that  he 
became  associated  in  a  business  way  with  the  great  Southwest,  and  this 
provided  the  opportunity  for  his  exceptional  talents  in  the  development 
of  the  mining  and  railroad  possibilities  of  that  part  of  our  country  and 
of  Northern  Mexico.  He  never  lost  the  interest  thus  acquired,  and 
became  truly  western  in  his  views  and  preferences. 

The  Copper  Queen  mining  property  at  Bisbee  had  lately  been  opened, 
and  this  attracted  him.  He  interested  the  late  William  E.  Dodge  and 
D.  Willis  James,  who  were  at  that  time  metal  merchants  of  New 
York  and  partners  in  the  firm  of  Phelps,  Dodge  &  Co.  They  began 
systematic  development  work.  After  less  than  four  years  the  ore  began 
to  fail  and  dark  days  set  in  for  the  enterprise.  These  reverses  only 
stimulated  him  to  greater  effort,  and  he  persisted  in  his  belief  that 
further  development  would  culminate  in  permanent  success.  The  world 
knows  today  how  well  founded  were  his  perseverance  and  faith  in  what 
has  now  become  one  of  the  greatest  copper  properties  in  the  world,  and 
it  is  not  too  much  to  say  that  he  alone  was  the  moving  cause  of  that  suc- 
cess. It  is  significant,  too,  that  this  achievement  came  to  him  when  he 
was  nearly  fifty  years  of  age,  at  a  time  when  most  men  have  lost  the 
eager  faith  and  assurance  of  youth.  But  this  determination  was  char- 
acteristic of  the  man  so  long  as  bodily  strength  was  given  to  him  to  follow 
the  direction  of  his  ever  versatile  and  orderly  mind. 

Perhaps  the  fact  that  he  entered  the  mining  profession  at  this  time 
in  his  life  accounts  for  his  having  been  able  to  avoid  the  small  preju- 
dices prevalent  in  the  early  days  of  mining  and  smelting.  His  was  a 
larger  viewpoint,  and  everything  was  looked  at  and  considered  in  a 
bigger,  broader  way.     His  ability  to  see  ahead  enabled  him  to  make 
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provision  that  insured  the  steady  growth  of  his  operations,  and  it  was 
this  gift  of  broad  vision,  combined  with  the  conservative  judgment 
of  the  original  members  of  Phelps,  Dodge  &  Co.,  that  accounts  for  the 
steady  growth  of  the  enterprise.  He  was  a  dreamer  of  dreams;  he  saw 
possibilities  where  others  saw  non^';  but  he  lived  to  see  his  dreams  come 
true. 

He  and  his  associates  extended  their  operations  to  a  consolidation 
with  the  Atlanta  Company,  and  later  to  the  districts  of  Morenci  and 
Globe,  in  Arizona,  Nacozari  in  Mexico,  and  afterward  to  Tyrone  in 
New  Mexico.  The  satisfactory  development  of  these  mining  and  smelt- 
ing operations  under  Dr.  Douglas'  guiding  hand  soon  led  him  to  acquire 
for  the  company  the  coal  mines  and  coking  plant  at  Dawson,  New 
Mexico. 

The  growth  of  these  numerous  enterprises  emphasized  the  urgent 
need  for  better  transportation  facilities.  .  The  ability  of  their  founder  was 
equal  to  the  necessity,  and  Dr.  Douglas  now  turned  his  attention  to  the 
construction  of  the  El  Paso  &  Southwestern  Railway  system,  connecting 
the  various  mining  and  smelting  plants  with  the  newly  acquired  coal 
property.  He  thus  became  a  builder  of  railroads  and  a  master  of  trans- 
portation as  successful  as  he  had  been  in  exploiting  the  mining  industry 
of  the  Southwest. 

What  the  magnitude  of  these  operations  has  meant  to  the  Southwest, 
and  especially  now,  during  the  great  world  war,  can  only  be  appreciated 
by  those  who  know  the  extent  of  the  aid  they  are  giving  to  the  country 
and  its  allies  in  providing  raw  materials  so  necessary  to  the  successful 
carrying  on  of  the  war.  Truly  it  may  be  said  that  this  man  did  not  lay 
down  his  cares  until  he  had  fully  done  his  part  toward  winning  the  great 
war  for  permanent  peace  and  equal  rights  for  humanity. 

During  the  development  of  the  different  Phelps-Dodge  mines,  mills, 
and  smelters,  there  was  no  man  in  America,  or  perhaps  in  the  world, 
who  did  more  than  Dr.  Douglas  to  break  down  the  secrecy  as  to  methods 
that  was  prevalent  years  ago  in  the  great  industrial  enterprises.  He  be- 
lieved in  frank,  reciprocal  relations  between  competitors  in  business, 
and  in  the  greater  efficiency  that  would  grow  from  this  policy.  Those  in 
charge  of  his  industrial  plants  were  instructed  to  give  every  facility  to 
those  who  earnestly  sought  to  learn.  His  views  on  this  subject  were 
fully  justified,  and  it  became  a  matter  of  common  knowledge  in  the  busi- 
ness world  that  his  enterprises  occupied  a  unique  and  enviable  position 
among  like  institutions.  We  can  only  conjecture  what  great  influence 
this  sound  policy  had  in  the  economic  development  of  the  country  and 
the  world. 

His  sympathetic,  kindly  and  democratic  nature  toward  all  classes  of 
his  employes,  and  toward  those  with  whom  he  came  in  contact,  endeared 
him  to  each  and  every  one,  and  to  them  he  was  a  close  personal  friend 
who  always  had  their  interests  at  heart.  He  was  lovingly  called  '*The 
Professor"  by  the  older  prospectors  and  miners,  and  was  a  familiar  figure 
in  all  southwestern  mining  camps  in  the  early  days. 

His  philanthropies  were  many,  broad,  and  effective.  In  this  he 
avoided  publicity,  and  it  will  never  be  known  to  what  extent  he  aided 
his  fellow  man.  Individuals  alone  were  not  his  only  charity,  but  he  also 
went  to  the  assistance  of  many  educational  institutions  and  scientific 
bodies.  He  ever  stood  ready  to  give  counsel,  and  many  a  rough  place 
he  made  smooth  for  a  younger  or  less  fortunate  fellow. 
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He  was  perhaps  the  most  conversant  man  on  a  wide  number  of  sub- 
jects aa  one  could  ever  hope  to  meet — equally  at  ease  with  any  subject, 
unusually  well  informed  on  all. 

He  was  always  ready  to  recognize  and  reward  merit,  and  cared  noth- 
ing for  mere  place  or  position.  He'  was  splendidly  thoughtful  of  those 
who  worked  with  him  in  his  great  enterprises,  from  the  highest  to  the 
lowest,  for  their  comfort  and  well  being,  and  no  one  enjoyed  greater 
loyalty  and  respect  from  his  associates  and  employes. 

It  has  seldom  been  given  to  one  man  to  see  the  well  ordered  success 
,  of  his  life  work  so  completely  realized,  leaving  it,  as  he  did,  with  the 
knowledge  that  he  had  earned  and  received  the  genuine  love  and  respect 
of  all  who  knew  him. 

To  us  who  worked  with  him,  his  life  is  now  a  splendid  memory  which 
we  will  carry  with  us  as  an  inspiration  to  the  end  of  our  days. 


m  MEMORIAM 


PI  It  is  probably  safe  to  estimate  that  at  least  one  hundred  members  of 
the  Institute  have  already  given  their  lives  to  the  United  States  and  its 
Allies  in  the  present  war,  but  the  following  notes  include  all  those  of  whose 
deaths  we  have  definite  information. 


LEWIS  NEWTON  BAILEY 


Lewis  Newton  Bailey, 
Master  Engineer  in  the  4lh 
Regiment,  U.  S.  Engineers, 
died  of  pneumonia  at  ('amp 
Merritt,  N.  J.,  on  April  30, 
1918.  An  account  of  his  pro- 
fessional work,  prepared  by 
Stanly  A.  Easton,  bis  former 
employer  at  Kellogg,  Idaho, 
W!i:<  published  in  Bulletin  No. 
14U,  August,  1918. 


Lewis  Newton  Bailey. 


American  Institute  of  Mining  Engineers  xix 

LIEUTENANT  LOUIS  BAIRD 

Louis  Baird,  a  Lieutenant  in  the  Royal  Field  Artillery  of  the  British 
Army,  died  on  the  battlefield  in  1915. 

Lieutenant  Baird  was  born  July  28,  1880,  at  Stirling,  Scotland.  His 
technical  education  was  obtained  at  King's  College,  Melbourne,  Australia, 
in  1893  to  1895,  and  at  the  Technical  College  at  Glasgow,  Scotland,  in 
1897  to  1900.  After  an  apprenticeship  with  the  Mexican  J.  &  8.  Rec.  Co. 
of  Mexico,  lasting  from  1900  to  1903,  he  became  mill  superintendent  for 
the  Cia.  Minera  Benito,  at  Juarez,  Zac.  During  the  year  1905-6  he 
was  assistant  manager  of  the  Candelaria  y  Anexas,  at  Pinos,  Zac,  and  from 
1906  to  1907  was  engineer  with  the  Cia.  Minera  Jalisco,  San  Sebastian, 
Jalisco. 

At  the  time  of  his  admission  to  the  Institute,  in  1908,  he  was  practis- 
ing as  a  mining  engineer  at  Etzatlan,  Jalisco,  Mexico.  For  the  next  four 
years  he  practised  his  profession  in  the  City  of  Guadalajara,  Jalisco, 
removing,  in  1913,  to  Ixtlan  del  Rio,  in  the  State  of  Tepic.  It  was  from 
here  that  he  returned  to  England  to  put  his  services  at  the  disposal  of  the 
British  Government.  The  Institute  is  not  definitely  informed  as  to  how, 
where,  or  when  Lieutenant  Baird  met  his  death. 


WILLIAM  MORLEY  COBELDICK 

William  Morley  Cobeldick,  one  of  the  British  Royal  Engineers,  died 
from  gas  poisoning  on  Oct.  7,  1915. 

Mr.  Cobeldick  was  born  March  21,  1882,  in  London,  England,  where 
his  early  education  was  obtained  at  the  Finsbury  Technical  College.  In 
1898  he  was  employed  by  the  British  Columbia  Exploring  Syndicate  as 
electrical  engineer  with  their  gold  dredging  plant  on  the  Fraser  River, 
British  Columbia,  his  principal  work  being  the  erection  and  operation 
of  the  power  plant,  to  which  were  added  certain  assaying  and  metalliu'gical 
duties.  The  Government  of  British  Columbia  awarded  him  a  diploma 
for  efficiency  in  work  of  this  character. 

In  1901  he  became  works  manager  and  chemist  to  the  Metal  Trust, 
Ud.,  of  London,  and  for  four  years  was  instrumental  in  developing  the 
Swinbourne-Ashcrofts  chlorine  process  for  treating  lead-zinc  sulphides. 
The  years  1905  to  1907  he  spent  at  the  Royal  School  of  Mines,  London, 
at  the  conclusion  of  which  he  was  awarded  the  Bessemer  Medal  and  prize 
in  the  Department  of  Metallurgy.  The  next  six  months  he  spent  in 
inspecting  metallurgical  plants  in  Great  Britain  and  Europe. 

Beginning  in  19k)7,  he  spent  the  next  two  years  in  the  development 
of  a  process  for  treating  tin-copper  sulphides  from  the  Oonah  Mines, 
l-td.,  of  Tasmania,  which  involved  the  erection  and  operation  of  an 
experimental  reverberatory  plant  and  leaching  appliances  for  the  treat- 
ment of  this  ore  at  Swansea;  in  this  work  he  was  associated  with  Messrs. 
A.  Hill  and  Stewart  of  London.  The  first  part  of  1910,  he  spent  in  making 
a  special  study  of  the  treatment  of  copper-tin  mattes  and  alloys  and  was 
then  appointed  chemist  to  the  Wallaroo  &  Moonta  Mining  &  Smelting 
^0., at  Wallaroo,  South  Australia,  which  position  he  occupied  at  the  time 
of  his  admission  to  the  Institute,  in  1913.  The  following  year  he  returned 
to  England  and  at  once  entered  upon  his  military  service. 
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RALPH  DOUGALL 

Balph  Dougall  enlisted  as  a  private  in  the  Fourth  University  Com- 
pany of  the  Princess  Patricia  Regiment,  declining  the  sohcitation  of  hia 
friends  that  he  should  apply  for  a  commission.     He  was  killed  in  action 
eariy  in   the   war   and  only 
shortly  after  having  become  a 
member  of  the  Institute. 

He  was  born  at  Montreal, 
Canada,  in  1875.  His  earliest 
education  was  received  in 
Montreal  but  was  continued 
from  1885  to  1892  at  schools 
and  academies  in  BrookljTi, 
Whitestone,  and  Flushing,  L. 
I.  For  his  technical  educa- 
tion he  returned  to  McGill 
University,  where  he  gradu- 
ated in  1897. 

His  first  professional  occu- 
pation was  as  transitman  en- 
gaged in  the  running  of  town- 
ship lines  in  the  Rainy  River 
District  of  Ontario.  In  1899, 
he  was  made  assistant  chemist 
at  the  Gu^enbeim  smelter 
at  Aguasc^entes,  Mexico. 
From  1900  to  1903,  he  was 
Ralph  Dodgall.  chief  chemist  for  La  Compafiia 

Minera  de  Pefioles,  at  Mapimi, 
Durango.  We  have  no  information  as  to  his  pursuits  during  the  next  eight 
years,  but  from  1911  until  1914,  when  he  became  a  member  of  the  Insti- 
tute, he  was  chief  engineer  for  the  Bankhead  mines  in  Alberta,  Canada. 

LIEUTENAHT-COLONEL  ALFRED  WINTER  EVAHS 

Lieutenant-Colonel  Evans,  who  was  in  command  of  the  Third 
Battalion  of  the  New  Zealand  Rifle  Brigade,  and  had  been  cited  in  Dis- 
tinguished Service  Orders  and  received  the  Distinguished  Conduct  Medal, 
was  killed  in  action  on  Oct.  12,  1917. 

Alfred  Winter  Evans  was  born  in  Natal,  South  Africa,  in  1881, 
and  received  his  preliminary  education  in  the  Durban  High  School. 
For  the  next  five  years  he  attended  St.  George's  School  at  Harpenden 
Heights,  England,  until  1898.  Returning  to  South  Africa,  he  worked 
for  three  months  of  1898  as  underground  sampler  for  the  Crown  Deep 
Gold  Mining  Co.,  at  Johannesburg,  and  for  six  months  of  the  following 
year  he  was  shift-boss  for  the  Crown  Deep,  Ltd.  At  the  outbreak  of  the 
Boer  War  he  took  an  active  part  and  was  engaged  on  military  service  from 
1899  to  1902.  At  the  close  of  the  war,  became  to  New  York  and  attended 
the  Columbia  School  of  Mines,  where  he  graduated  with  the  degree  of 
E.  M.  in  1906.  A  part  of  that  year  he  spent  as  assayer  to  a  mining  com- 
pany at  Poland,  Arizona. 

In  1907,  he  returned  to  South  Africa  and  engaged  as  underground 
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contractor  in  charge  of  mining  and  development  at  a  number  of  the 
South  African  mines,  notably  the  French-Rand,  the  Village  Main  Reef, 
the  City  Deep,  and  others.  In  1908,  he  acted  as  shift-boss  for  the  Fer- 
rerra  Gold  Mining  Co.  at  Johannesbm'g.  In  1909,  he  was  appointed 
acting  general  manager  for  the  Consolidated  Goldfields  of  New  Zealand, 
but,  retm-ning  to  South  Africa,  for  the  next  two  years  he  was  assistant 
general  manager  of  the  Simmer  Deep  Gold  Mining  Co.,  at  Johannesburg. 
In  June,  1911,  he  returned  to  New  Zealand  as  general  manager  and  con- 
sulting engineer  for  the  Consolidated  Goldfields  of  New  Zealand,  at 
Reefton,  which  position  he  held  at  the  time  of  his  admission  to  the 
Institute  in  1914.  Early  in  September,  1915,  he  left  New  Zealand  for 
active  service  in  France. 

LIEUTENANT  THOMAS  CLARENCE  GORMAN 

Thomas  C.  Gorman,  a  lieutenant  in  the  Second  Tunnelling  Company 
of  the  Canadian  Engineers,  was  killed  in  France  on  March  18,  1918.  He 
was  resting  in  his  sleeping  hut  and  was  in  the  act  of  writing  a  letter 
when  a  bursting  shell  killed  him. 

Lieutenant  Gorman  was  born  in  Ottawa,  Canada,  in  1888,  and  after 
preliminary  education  at  Ottawa  University  and  the  Ottawa  Collegiate 
Institute,  he  graduated  from  McGill  University  in  1912,  as  a  mining 
engineer.  The  year  1909  was  occupied  at  one  of  the  Canadian  graphite 
mines,  and  the  summer  of  1911  he  spent  with  the  Granby  Mining, 
Smelting  &  Power  Co.,  Ltd.  At  the  time  of  his  admission  to  the  Institute, 
in  1914,  he  was  sampler  with  the  Dome  mines  at  South  Porcupine, 
Ontario.  His  next  engagement  was  at  the  Creighton  mine,  Ontario, 
but  in  1916  he  joined  the  Canadian  Expeditionary  Force  and  went  to 
England.  The  Institute  has  not  yet  been  able  to  get  into  communication 
with  Mr.  Gorman's  parents  in  order  to  secure  more  detailed  information 
and  a  photograph. 

LIEUTENANT  WILLIAM  HAGUE 

William  Hague,  1st  Lieutenant  Co.  F,  116th  Regiment  of  Engineers, 
and  a  member  of  the  Institute  since  1906,  died  of  pneumonia  in  France, 
on  Jap.  1,  1918. 

Lieutenant  Hague  was  born  in  Orange,  N.  J.,  March  31,  1882,  the 
son  of  the  late  James  D.  Hague,  a  distinguished  mining  engineer  and  a 
life  member  of  the  Institute,  and  Mary  Ward  (Foote)  Hague,  of  Guilford, 
Conn.  He  attended  Milton  Academy,  Milton,  Mass.,  and  was  graduated 
from  Harvard  in  the  class  of  1904.  He  was  a  nephew  of  the  late  Arnold 
Hague,  of  the  United  States  Geological  Survey.  Seven  years  ago  he 
married  Elizabeth  Stone,  of  Milton,  who  with  their  son,  James  D.  Hague, 
six  years  old,  survives  him. 

Lieutenant  Hague's  mining  career  began  immediately  after  his  gradua- 
tion from  Harvard,  when  he  went  to  Bisbee,  Ariz.,  to  be  a  surveyor's 
helper  in  the  mines  of  the  Copper  Queen  Consolidated  Mining  Co.  In 
1905,  he  became  an  instrument  man,  being  engaged  on  the  construction 
work  of  the  Copper  Queen  smelting  plant  at  Douglas,  Ariz.  In  the 
latter  part  of  the  same  year  he  was  transferred  to  the  geological  depart- 
ment of  the  company,  being  occupied  in  that  work  until  May,  1906.  The 
smnmer  of  1906  was  spent  in  prospecting  in  Michigan;  but  in  the  autumn 
he  returned  to  Arizona  as  assistant  in  construction  of  the  Copper  Queen 
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plant  at  Douglas,  and  remained  on  that  work  until  October,  1907.  The 
autumn  and  winter  of  1907-08  he  spent  in  traveling  in  the  United  States 
and  Mexico,  his  purpose  being  to  broaden  his  experience;  wherefore  he 
proceeded  leisurely,  occasionally  taking  a  position  for  a  short  time.  Thus, 
for  two  months  he  was  employed  as  a  shift  boss  in  the  cyanide  plant  of 
the  Guanajuato  ('oawlidated  and  Milling  Company. 

A  serious  illness  that  befell  him  in  1908  kept  him  from  work  during 
the  major  part  of  that  year,  but  upon  his  recovery,  in  December,  he  was 
appointed  managing  director  of  the  North  Star  Mines  Co.,  a  famous  and 
successful  gold-mining  enter- 
prise in  California,  with  which 
his  distinguished  father  had 
been  identified  for  a  great 
many  years. 

However,  William  Hague 
could  not  keep  away  from 
purely  professional  activities 
in  directions  wherein  he  was 
intensely  interested,  and  dur- 
ing a  considerable  part  of 
1909  and  1910  he  was  engaged 
in  geological  work  at  Bisbee, 
Ariz.,  for  the  Copper  Queen 
Consolidated  Mining  Co., 
making  occasional  trips  to 
CJrasa  Valley,  Cal. 

From  June,  1910,  up  to 
the  time  when  he  entered  the 
United  States  Army,  Mr. 
Hague  resided  at  Grass  Valley 
as  managing  director  of  the 
North  Star  Mines  Co.;  but 
LiEUTENA-vT  William  IlAiiUB.  during   1911   he  joined  J.  R. 

Finlay  as  assistant  in  the  ad- 
praisal  of  copper  mines  for  the  State  of  Michigan. 

Lieutenant  Hague  attended  the  Officers'  Training  Camp  at  Plattsburg 
in  September,  1916.  After  receiving  his  commission,  he  was  called  to 
the  Engineers'  Training  Camp  at  Vancouver  Barracks,  Oregon,  last 
spring.  Later  he  was  transferred  to  the  camp  at  American  Lakes,  near 
Tacoma,  and  from  there  to  Charlotteville,  N.  C.  He  was  ordered  with 
his  regiment  to  Mineola  last  November,  and  soon  afterward  left  for 
France.  His  family  received  news  of  his  safe  arrival  abroad  Dec.  15 
last.  Since  then  a  cable  of  Christmas  gieetings  to  his  family  was  the 
only  word  received  from  him. 

In  the  New  York  Evening  Post  a  few  days  after  news  of  his  death 
had  been  received,  there  was  a  tributef  roman  anonymous  friend  which  may 
well  be  repeated: 

A  few  sliort  wccka  ago  tlicro  was  the  l>iistle  of  camps;  then  a  great  silent  flitting  ot 
our  boya  going  "over  Ihpre,"  nnd  now  there  are  commencing  the  first  brief  listaof 
those  who  are  to  lie  in  the  torn  fields  of  Franee.  Today  we  read  ot  Lieut.  WUliam 
HagiU!,  whom  we  said  Rood-liy  to  hardly  more  than  a  month  ago— so  clean,  so  young, 
so  strong — who,  abandoning  llie  professional  rarecr  in  which  he  had  won  sueh  com- 
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moudfttioD  and  which  held  for  bim  suck  promise,  leaving  his.  wife  and  his  little  boy 
to  whom  he  was  eo  dear,  answered  at  once  the  call  for  men  of  hia  training,  and  is 
DOW  dead  "in  the  service  of  hia  country." 

There  are  mimy  friends  of  that  courtly  and  digni&ed  gentleman  James  D.  Hague 
nho  recall,  both  here  and  in  Stockbridge,  the  parental  pride  in  the  promiaing  lad  of 
such  a  little  time  ago — the  eager  schoolboy  at  Milton,  the  rather  grave  youth  at  Har- 
vard, hia  entry  into  new  experiences  in  the  Western  mining  world,  and  who,  seeing 
him  during  hia  stay  at  Camp  Upton,  reahzed  that  the  old  Puritan  Stock  was  still 
sound  and  true — and  now  with  him  the  atniggle  is  over  and  the  sacrifire  made. 

CAPTAIH  WILLIAM  TEASDALB  HALL 

Captain  Hall,  who  was  admitted  to  Junior  Membership  in  the  Institute 
in  1915,  while  still  a  student  of  mining  at  the  University  of  Toronto, 
was  killed  in  action  in  France  on  May  19,  1917. 

('aptain  Hall  was  born  in  Toronto  in  1893,  and  received  his  academic 
training  at  Harbord  College,  from  1908  to  1911,  when  he  entered  the 
University  of  Toronto,  School 
of  Practical  Science.  During 
the  three  summer  vacations  of 
his  university  course,  he  was 
employed  by  the  O'Brien  mine 
at  Gowganda,  next  by  the 
Mclntyre  Mining  Co.,  at 
Porcupine,  and  finally  by  the 
Mines  Branch  of  the  Geolog- 
ical Survey,  which  was  con- 
ducting magnetic  surveys  to 
the  north  of  Port  Arthur. 

When  war  was  first  de- 
clared, Mr.  Hall  endeavored 
t«  join  the  artillery  as  an 
officer,  and  for  the  purpose 
secured  a  provisional  lieuten- 
ancy with  a  Hamilton  battery, 
but  he  did  not  receive  an  over- 
seas appointment,  and  on 
being  graduated  as  a  mining 
engineer  in  1915,  he  was 
offered   a   position   in   Chile, 

which  he  accepted.     He  left  CAi-rAix  William  T.  Hall. 

Toronto   on  May  27,  1915, 

and  was  engaged  in  Chile  as  a  mining  engineer  for  nearly  a  year.  In  the 
latter  part  of  April,  1916,  he  decided  to  offer  himself  again  for  service 
at  the  front.  He  crossed  the  Andes  and  sailed  for  Liverpool,  where  he 
landed  on  May  13,  1916. 

On  May  27,  1916,  Captain  Hall  was  given  a  commission  as  a  lieu- 
tenant in  the  Royal  Flying  Corps,  21st  Squadron.  He  went  to  the 
front  on  Sept.  1,  1916,  and  remained  there  continuously.  His 
record  with  the  Royal  Flying  Corps  was  considered  a  remarkable  one, 
for  he  was  at  the  front  within  two  months  of  the  date  on  which  he  was 
granted  a  commission,  during  which  interval  he  took  the  prescribed  tech- 
nical course  at  Oxford,  and  aviation  training  at  Netheravon  and  Bristol, 
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On  Sept.  14, 1916,  lie  took  his  first  flight  over  the  German  lines,  when 

his  engine  stalled  aod  he  had  to  volplane  down,  fortunately  landing  on 

the  French  side  of  the  lines.    On  Sept.  16,  he  went  over  the  lines  with 

six  others,  and  not  returning  immediately  with  the  others,  was  lost. 

He  tried  to  make  for  the  sea  and  come  back  following  the  oom^e  of  a 

river,  but  when  he  did  descend  he  found  that  he  was  60  miles  west  of 

Paris  and  100  miles  south  of  his  lines.     He  flew  over  to  Paris  and  stayed 

there  for  the  night,  going  back  to  his  squadron  the  next  morning.     Then 

on  Oct.  4,  he  was  sent  up  at  night  for  the  first  time,  and  in  making  a 

landing  he  pasped  the  flares  just  as  he  struck  the  ground,   which  put 

him  in  total  darkness.     He  struck  something  and  his  machine  turned 

a  complete  somersault,  which  accident  put  him  in  the  hospitalfor  ten  days. 

In  December,  1916,  he  left  the  21st  Squadron  and  was  transferred 

to  the  24th,  as  the  21st  was  made  an  Artillery  Squadron  and  he  preferred 

to  remain  a  fighting  scout.     In  the  same  month,  he  was  made  Acting 

Flight  Commander  for  about  6  weeks,  and  about  April  3,  1917,  his  rank  of 

Flight  Commander  was  confirmed.     The  beginning  of  May  he  started  to 

introduce  a  number  of  new  machines  for  his  squadron,  these  being  of  an 

entirely  new  type.     On  May  19,  he  was  up  with  one  of  the  machines 

in  the  evening,  practising  sharp  turns  and  dives,  when  the  wings  suddenly 

crumpled  up  and  he  fell  700 

ft.,  being  killed  instantly.    He 

was    buried    in    a    French 

Cemetry  at  Monchy  Lagache 

about  8  miles    southeast  of 

Perronne,  and  about  25  miles 

east  of  Amiens. 


Bernhardt  Edward  Heine, 
a  lieutenant  in  the  Aviation 
Service  of  the  U.  S.  Army, 
died  as  the  result  of  a  fall  In 
an  aeroplane  at  Fort  Silt, 
Okla.,  on  Aug.  10,  1918.  The 
accident  occurred  on  Aug.  3, 
when  the  machine  in  which  be 
was  flying  with  Lieutenant 
Carsons  fell  from  a  height  of 
1500  ft.;  Lieutenant  Carsons 
was  instantly  killed,  but  Lieu- 
tenant Heine  died  from  his 
LiKDTENANT  Bbbnhari>t  E.  Heine,  injuries  a  week  later. 

Lieutenant  Heine  was  born  at  Mount  Clemens,  Mich.,  in  1895. 
After  attending  the  local  High  School  he  entered  the  Michigan  College 
of  Mines,  and  became  a  Junior  Member  of  the  Institute  while  still  a 
student.     He  graduated  in  1916,  with  the  degree  of  B.  S, 

In  1914  he  served  as  a  transitman  for  the  engineering  department 
of  the  City  of  Hancock,  Mich. 

Lieutenant  Heine  had  been  in  the  array  since  1916,  having  been  with 
the  troops  at  the  Mexican  border.  He  had  been  in  the  Aviation  Section 
since  August,  1917. 
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CAPTAIN  JOHN  DUBR  IRVING 

John  Duer  Irving,  Captain  in  the  11th  Regiment  of  Engineers,  and 
formerly  Professor  of  Economic  Geology  at  the  Sheffield  Scientific 
School,  died  of  pneumonia  in  France,  on  July  26,  1918.  An  account  of 
his  life,  and  an  appreciation  of  his  personality,  written  by  Prof.  James  F. 
Kemp,  with  whom  Captain  Irving  was  on  terms  of  intimate  friendship 
for  many  years,  was  published  in  Bulletin  No.  141,  September,  1918. 

A  copy  of  the  following  letter  written  by  Major  Evarts  Tracy  to 
President  Hadley,  of  Yale  University,  has  been  handed  us  for  publi- 
cation through  the  courtesy  of  Mr.  B.  B.  Lawrence. 

July  27,  1918. 
Dear  President  Hadley: 

Before  this  reaches  you,  you  may  have  heard  of  the  death  of  Captain  Irving,  which 
occurred  last  night. 

I  only  wish  to  tell  you  what  a  loss  it  has  been  to  the  Army.  It  is  always  sad  to 
have  anyone  die  here  otherwise  than  in  action.  In  the  latter  event  one  always  feels 
that  it  is  a  projser  and  glorious  death. 

Captain  Irving  died  as  gloriously  as  any  man  in  the  service  ever  died.  He  gave 
all  he  had.  The  amount  of  work  he  accomplished  here  in  the  design  and  adoption  of 
his  methods  in  mining  and  shelter  dugouts,  which  are  the  only  life  savers  when 
batteries  are  registered  by  the  enemy,  was  beyond  calculation. 

He  worked  himself  to  death,  and  in  the  face  of  opposition  proved  that  he  was 
right,  time  after  time.  We  all  remonstrated  with  him  at  his  hours,  but  his  devotion 
to  duty,  as  he  conceived  it,  lowered  his  vitality,  and  pneumonia,  following  a  bad 
attack  of  the  so-caUed  Spanish  grippe,  cut  him  down. 

When  I  teU  you  that  since  he  was  taken  ill,  the  personnel  department  has  been 
over  the  records  of  over  fifty  men,  trying  to  find  someone  to  take  his  place,  without 
success,  you  can  appreciate  his  value  to  the  service. 

If  you  can  let  any  of  his  friends  know  what  we,  his  close  associates  here  feel, 
about  his  loss  we  will  appreciate  it.  No  one  here  has  done  more  for  the  United 
States  than  he  has. 

LIEUTENAlf T  EDWARD  HALE  PERRT 

At  the  height  of  the  first  great  German  offensive  of  the  Spring  of  1918, 
Edward  Hale  Perry,  of  Boston,  First  Lieutenant,  Company  D,  Sixth 
Regiment  Engineers,  U.  S.  Army,  was  killed  on  March  30,  near  Warfusee 
— Abancourt,  Picardy,  France,  while  defending  the  Bois  des  Tailloux 
against  the  terrific  plunge  aimed  at  Amiens. 

lieutenant  Perry  was  born  in  Boston,  Jan.  23, 1887,  the  son  of  Georgi- 
anna  W.  and  the  late  Charles  F.  Perry.  After  completion  of  his  college 
preparatory  course,  he  travelled  for  a  year  in  South  America  and  Europe 
before  entering  Harvard  with  the  class  of  1910.  It  might  have  been  re- 
garded as  the  natural  thing  for  Perry,  upon  graduation,  to  choose  a  path 
that  would  lead  to  a  business  or  professional  career  at  home,  but  there 
were  in  his  character  a  solidity,  a  horror  of  sham,  a  contempt  for  the 
"soft"  things,  and  a  love  of  the  open  which  caused  him  to  be  attracted  to 
a  life  of  stern  and  sturdy  reality.  Accordingly,  he  entered  the  graduate 
mining  school  at  Harvard,  and  received  the  degree  of  Mining  Engineer 
in  1913.  In  the  meantime,  two  summers  spent  in  Western  mining  camps 
had  attracted  him  particularly  toward  the  geological  aspects  of  mining 
so  that  the  latter  part  of  his  course  was  directed  definitely  toward  mining 
geology. 

Because  of  his  evident  aptitude  for  geological  problems,  his  mental 
and  moral  integrity,  and  his  boundless  enthusiasm,  Perry  was  asked 
upon  his  graduation  from  the  mining  school  to  join  the  staff  of  the 
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Secondary  Enrichment  Investigation.  This  he  did,  giving  his  services 
without  compensation,  though  reUnquishing  in  consequence  an  attractr 
ive  opening  in  the  geological  department  of  one  of  the  large  mining 
companies  of  the  Southwest,  For  two  years  he  was  thug  engaged  in 
intensive  geological  study  of  the  principal  copper  mines  of  the  country. 
During  this  period,  his  scientific  development  and  his  growth  in  judg- 
ment and  poise  made  a  profound  impression  on  those  most  closely  as- 
sociated with  him.  And  the  value  of  his  efforts  and  his  spirit  in  the  work 
of  the  organization  is  beyond  measure  or  recompense. 

At  the  conclusion  of  the  field  work  of  this  investigation  in  1915, 
Perry  joined  Dr.  Augustus  Locke,  who  had  been  associated  in  the  same 
research,  and  took  up  pro- 
fessional practice  in  minii^ 
geology.  In  this  Perry  met 
with  instant  and  conspicuous 
success,  winning  as  much  by 
his  personal  force,  his  ready 
grasp  of  every  phase  of  a 
situation,  and  his  ability  to 
bring  men  to  his  point  of 
view,  as  by  his  conscientious 
study  and  keen  understanding 
of  the  conditions  of  ore  oc- 
currence and  his  sanity  in 
interpretation  and  recommen- 
dation. 

Notwithstanding  his  un- 
usual success  in  commercial 
work,  Perry  maintained  with 
keen  relish  and  devotion,  his 
interest  in  the  scientific 
aspects  of  geology.  With  Dr. 
Locke,  he  contributed  a  paper' 
on  "The  Interpretation  of 
LIET7TBNANT  Edward  Halb  Peiiry,  Assay  Cufves  for  Drill  Holes." 

He  sacrificed  time  and  income 
in  order  to  spend  two  or  three  months  each  year  in  continuing  his 
special  research  upon  the  relations  of  rock  alteration  to  ore  deposition. 
His  last  days  at  home,  even  to  his  last  hour  before  going  to  Plattsbui^, 
were  spent  completing  in  outline  the  record  of  four  years  of  study  upon 
this  subject,  which  Dr.  Locke  and  the  writer  of  this  inadequate  tribute 
to  his  memory  will  enjoy  putting  into  final  shape  for  publication,  and 
which  is  certain  to  prove  a  noteworthy  and  valuable  contribution  to 
the  science. 

While  Perry  was  in  the  midst  of  a  professional  engagement  in  Arizona, 
our  country  entered  into  the  European  War.  He  immediately  advised 
his  closest  associates  of  his  intention  to  enlist,  and  as  soon  as  he  could, 
with  added  help,  complete  the  work  then  in  hand,  he  came  East  and  en- 
tered the  officers'  training  school  at  Plattsburg,  in  May,  1917.  In  June, 
because  of  his  technical  training  and  experience,  but  particularly  because 
of  his  application  and  ability,  he  was  transferred  to  the  Engineer  OflScers' 

1  Tram.  (1916),  64,  93. 
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Camp  at  Washington,  and  soon  thereafter  was  commissioned  Pirst  Lieu- 
tenant in  the  6th  Regiment  Engineers,  as  reserve  officer  in  charge  of 
mining,  sapping,  and  demolition. 

Perry's  work  of  instruction  with  his  men  won  quick  recognition  and 
commendation.  He  was  offered  positions  as  instructor  in  this  country, 
carrying  with  them  higher  rank  than  he  could  hope  to  reach  in  the  regular 
army,  but  believing  that  his  duty  lay  at  the  Front,  he  declined  to  consider 
them.  He  sailed  for  Europe  in  December,  1917.  In  January,  Companies 
D  and  B  were  detached  from  the  rest  of  the  Regiment  and,  because  of 
the  ability  of  their  officers,  were  brigaded  with  the  5th  British  Army 
and  sent  to  Peronne  to  build  heavy  steel  bridges  over  the  Somme.  While 
this  work  was  going  on,  the  Germans  launched  their  great  drive  on  March 
21.  For  the  ensuing  few  days  it  was  the  duty  of  the  Engineers  to  stand 
by  their  bridges  until  the  retiring  British  Army  had  crossed,  and  then  de- 
molish them.  This  they  did.  Perry  and  his  platoon  being  the  last  to 
leave  after  the  British  Artillery  had  all  passed.  Then,  on  the  27th, 
these  two  companies  joined  that  motley  but  determined  and  immortal 
band  which  General  Carey,  realizing  the  imminence  of  disaster  to  the 
entire  Allied  forces  due  to  the  crumbling  and  withdrawal  of  part  of  the 
British  line,  picked  up  and  threw  in  to  close  the  fast-widening  breach. 
Lieutenant  Perry  had  command  of  a  section  of  the  front  line  trench 
between  Hamel  and  Villers-Bretonneux  near  the  middle  of  this  gap. 

The  energy  and  devotion  which  Perry  put  into  his  work  as  a  soldier, 
and  the  spirit  and  fine  courage  with  which  he  faced  and  paid  the  Great 
Price,  may  best  be  revealed  by  extracts  from  letters  written  to  relatives 
by  his  associate  officers  since  his  death. 

His  fellow-Lieutenant  of  Company  B  wrote : 

I  have  never  worked  with  a  man  who  put  as  much  spirit  and  energy  into  his 
work,  and  who  inspired  men  under  him,  causing  them  to  exert  their  best  efforts  to 
help  a  common  cause. 

The  officers  and  men  who  were  privileged  to  know  Edward  feel  that  they  have 
lost  a  true  friend,  and  the  men  under  him  knew  they  possessed  a  leader  of  remarkable 
qualities,  one  who  knew  their  wants  and  who  cared  for  them  before  thinking  about 
himself  and  his  own  comforts. 

Perry's  Captain  said  in  part: 

During  the  previous  months  he  was  a  tireless  worker,  never  satisfied  unless  he 
was  doing  his  own  job  and  most  of  his  neighbors.  In  the  early  part  of  March,  when 
we  were  on  heavy  bridging  operations,  he  used  to  leave  camp  at  5  a.  m.  and  return  at 
8  p.  m.  while  two  shifts  of  men  worked  under  him;  then  he  would  spend  a  good  part 
of  the  night  on  plans  and  Lists  of  material. 

No  officer  in  the  regiment  was  so  trusted  and  looked  up  to  by  the  men;  they  gave 
him  their  money  to  keep  for  them,  asked  his  advice  on  all  sorts  of  affairs,  and  be- 
sieged me  with  requests  to  transfer  to  his  platoon.  In  his  ability  to  get  work  done 
by  leading  instead  of  driving,  he  had  no  equal.  And  as  a  friend  and  brother  officer, 
he  leaves  an  unfillable  gap  that  is  brought  to  our  attention  every  day.  He  had  been 
recommended  for  promotion  not  long  before  his  death. 

He  died  as  he  had  lived,  helping  others.  It  was  Saturday,  March  30.  We  under- 
went a  good  preliminary  bombarcunent  followed  by  the  infantry  attacks,  supported 
by  heavy  barrages.  Our  trenches  were  pretty  poor,  as  we  had  to  got  underground 
at  the  same  time  that  we  were  keeping  Fritz  out  of  the  way,  and  the  artillery  smashed 
a  good  deal  of  our  defenses.  A  shell  had  demolished  a  traverse  in  Perry's  section  of 
trench,  killing  four  men.  He  was  working  in  the  gap  repairing  the  damage  with  his 
own  hands,  when  a  bullet,  probably  from  a  machine  gun  in  an  enemy  aeroplane  which 
was  raking  the  trenches,  penetrated  his  skull. 

We  aU  feel  that  his  place  in  this  organization,  which  he  helped  to  build  up,  will 
never  really  be  filled,  but  we  draw  what  satisfaction  we  can  from  the  circumstances 
of  his  death;  as  we  must  all  go  sometime,  I  know  of  no  straighter,  cleaner  way  than  his. 
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Colonel  J.  M.  Hodges,  his  regimental  commander,  has  written: 

At  a  critical  time  durins  the  German  offensive  in  March,  this  organization  was 
given  a  section  of  the  front-Tine  trench  which  was  essential  to  the  scheme  of  defense, 
and  orders  had  been  received  that  it  was  to  be  held  at  all  coats.  Lieutenant  Perry 
was  commanding  a  platoon  of  his  company  in  the  front  line.  He  was  killed  instantly 
by  a  bullet  through  the  forehead.  At  the  time  of  his  death,  he  was  engaged  in  recon- 
solidating  a  section  of  trench  that  had  been  demolished  by  a  previous  bombardment 
and  in  arranging  for  the  burial  of  his  men  who  had  been  killed. 

Lieutenant  Ferry  was  an  excellent  soldier  and  an  exemplary  officer.  I  had  always 
considered  him  as  one  of  the  best,  if  not  the  best,  of  the  young  officers  of  the  Regiment. 
He  had  real  ability  and  could  be  counted  on  for  results.  At  the  critical  time  he  did 
not  weaken ;  1  saw  him  shortly  before  he  was  killed ;  his  conduct  under  fire  was  splendid 
and  an  inspiration  to  his  men.  His  loss  is  felt  deeply  by  all  ranks.  Thanks  to  him 
and  to  others,  who  like  him,  paid  the  full  measure  of  devotion  to  their  country,  our 
line  was  held  until  the  critical  situation  in  that  vicinity  was  at  an  end.  He  died  the 
true  death  of  a  soldier,  with  his  face  to  the  enemy. 

As  we  now  look  back,  it  is  easy  to  believe  that  this  holding  of  the 
line  of  defense  intact  by  General  Carey  and  his  men  was  a  determining 
factor  in  the  outcome  of  the  war.  To  have  played  so  important  and 
noble  a  part  in  this  vital  effort  as  that  taken  by  Perry  is  assuredly  the  privi- 
lege of  few.  Our  lives,  it  seems,  are  like  capital  entrusted  to  us  to  be 
expended  as  wisely  and  effectively  as  we  may.  With  them  we  purchase 
whatever  of  accomplishment  the  stuff  that  is  in  us  permits.  It  is  im- 
possible to  escape  profound  regret  that  a  career  so  full  of  the  highest 
promise,  and  a  personality  so  overflowing  with  all  that  is  fine  and  lovable, 
should  have  been  cut  short  at  the  age  of  thirty-one.  Yet  who  can  doubt 
that  in  a  few  months  Perry  bought  with  his  life  the  fullest  achievement 
of  a  life-time — a  glorious  part  in  the  salvation  of  Liberty  and  Justice  and 
Decency,  indeed  of  Civilization  itself!  L.  C.  Graton. 

LIEUTENANT  FRANK  REMINGTON  PRETYBfAN 

Frank  Remington  Pretyman,  2d  Lieutenant  with  the  Royal  Engineers, 
was  killed  in  action  on  June  17,  1916. 

Lieutenant  Pretyman  was  born  at  Chicago,  111.,  in  1890.  He  received 
his  academic  education  at  Marlborough  College,  Wiltshire,  England, 
and  in  1908  entered  the  Royal  School  of  Mines,  London,  where  he 
remained  for  two  years.  From  1910  to  1911,  he  was  engaged  as  mine 
surveyor  for  the  Mazapil  Copper  Co.  in  Zacatecas,  Mexico,  and  for  the 
next  year  with  the  Foundation  Co.  of  New  York,  which  was  engaged 
in  sinking  a  concrete  drop-shaft  at  St.  Albert,  Alberta,  Canada.  At  the 
conclusion  of  this  engagement,  Mr.  Pretyman  returned  to  the  Royal 
School  of  Mines  and  finished  his  coiwse  there  in  the  next  two  years, 
receiving  the  degree.  Associate  of  the  Royal  School  of  Mines,  in  1913. 
In  the  same  year  he  became  a  Fellow  of  the  Geological  Society  of  London. 
At  the  time  of  his  admission  to  the  Institute,  in  May,  1914,  he  was  taking 
a  post-graduate  course  in  geology  at  Columbia  University,  New  York. 

'  CAPTAIN  FREDERICK  BENNETT  REECE 

Frederick  B.  Reece,  who  was  a  Captain  in  the  Royal  Engineers,  232d 
Army  Troops  Company,  of  the  British  Expeditionary  Forces,  was  killed 
in  action. 

He  was  born  in  Liverpool,  England,  in  1877,  and  received  his  academic 
education  in  England.  The  year  1899  he  spent  in  the  shops  of  lingford 
Gardiner  &  Co.,  colliery  engineers,  at  Durham.     In  1903,  he  entered 
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the  Collie  of  Mines  of  the  University  of  California,  at  Berkeley,  and 
graduated  in  1906.  His  summer  vacation  of  1905  was  spent  in  timbering 
and  machine  drilling  at  the  App  mine,  Tuolumne  Co.,  California. 

His  first  employment  after  gradua^ng  from  the  University  of  Califor- 
nia was  in  El  Oro,  Mexico,  where  he  spent  two  years  with  the  Hacienda 
Vieja.  In  1908,  he  was  practising  mining  engineering  at  Lead,  So.  Dak., 
and  in  1909  was  engineer  with  the  Socorro  mine,  at  MogoIIon,  New  Mexico. 
In  1910,  he  was  with  the  Hidalgo  Guadalupe,  Pachuca,  Mexico,  and  in  191 1 
was  engineer  with  the  Gualcola  Mines  Co,,  at  Tuquerres,  Colombia. 
In  1913,  he  returned  to  the  Southwest,  and  was  employed  for  that  year 
by  the  Inspiration  Cons.  Copper  Co.  at  Miami,  and  in  the  middle  of  the 
following  year  he  became  engineer  with  the  Detroit  Copper  Co.,  at 
Morenei. 

In  the  autumn  of  1914,  Mr,  Reece,  stirred  by  his  English  blood, 
resolved  to  return  to  England  to  take  part  in  the  war.    At  this  time 
he  wrote  "I  think  it  will  be  better  for  me  to  resign  my  membership.     If 
Icome  through  all  right,  I  will  apply  for  re-election."     The  Institute, 
however,  instead  of  accepting  Mr.  Recce's  resignation,  voted  him  an 
indefinite  leave  of  absence,  and  this  precedent  soon  crystallized  into  the 
r^iular  procedure,  now  in  force,  of  remitting  the  dues  of  members  in 
active  service.     On  Dee.  17, 
1914,  he  wrote  from  Montreal 
that  he  fully  expected  to  go 
over  shortly    in   the    second 
contingent  from  Canada,  with 
Borden's    Armored    Brigade, 
operating  with  armored  motor 
cars.     As  he  said  "this  will 
be  active  enough  service  to 
satisfy  any  enthusiast,  as  they 
are  used  generally  for  recon- 
naissance duty." 

SORER  RinGLDHD 

Soren  Ringluud  died  sud- 
denly on  July  24,  1918,  at 
Fort  L(^^n,  Colo.,  where  he 
was  engaged  in  service  with 
the  Medical  Department  of 
the  U.  S.  Army. 

Mr.  Ringlund  was  born  in 
Denmark  in  1875.     He  came 

to  the  United  States  in  1902,  Soren  Rinolcnd.  ■ 

and  became  a  citizen  in  1908. 

He  graduated  as  B,  S,  and  E.  M.  from  the  School  of  Mines  at  Socorro, 
New  Mexico,  in  May,  1912.  Immediately  after  graduating,  he  began 
as  a  practical  [miner  in  the  U.  S.  mines  at  Bingham,  Utah,  but  in  Novem- 
ber, 1912,  he  entered  the  operating  department  of  the  Chino  Copper 
Co. 'a  concentrator  at  Hurley,  New  Mexico,  where  he  stayed  until  July, 
1913.  During  tiie  latter  half  of  1913,  he  was  employed  as  chemist  in  the 
laboratory  of  the  El  Paso  smelter,  at  El  Paso,  Texas.  In  December,  1913, 
he  became  engineer  and  geologist  with  the  Empire  Zinc  Co.,  at  Socorro, 
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New  Mexico,  which  position  he  held  at  the  time  of  his  adnoission  to  the 
Institute  in  1914,  and  until  he  entered  the  army  in  June,  1918.  Before 
beginning  the  study  of  mining,  Mr.  Binglund  had  completed  a  course  in 
pharmacy,  which  accounts  for  his  enlisting  in  the  Medical  Corps. 

LOUTERAHT  GEORGE  ROPER,  JR. 

George  Roper,  Jr.,  a  Junior  Member  of  the  Institute,  was  killed  in 
an  aeroplane  accident  near  Shotwich,  England,  on  May  25,  1918. 

He  was  born  at  Steubenville,  Ohio,  in  1893,  and  at  the  time  of  his 
admission  to  the  Institute  in  1916  was  a  student  in  mining  and  metallurgy 
at  the  Massachusetts  Institute  of  Technology,  Boston,  Mass.,  from  which 
he  received  the  degree  of  S.  B.  in  June,  1917. 


I.IBUTENANT  Gborqb  Roper,  Jr. 

In  August,  1917,  he  enlisted  in  the  Royal  Flying  Corps,  and  after 
prehminary  training  on  this  side  of  the  water,  was  sent  to  England. 
He  was  making  the  final  cross-country  flight  of  his  course  of  training 
when  the  accident  occurred. 

NEW  YORK  MEETING,  FEBRUARY  17-20,  1919 

In  preparation  for  the  llSth  meeting,  New  York,  Feb.  17  to  20, 1919, 
the  following  committees  have  been  appointed: 
Committee  on  Arrangements 
Allen  H.  Rogers,  Chairman.  W.  S.  DiCKBOS,  Secrelary. 

J.  E.  Johnson,  Jr.  F.  T.  Rubidob.  1'.  G.  Spilsbcry. 

H.  C.  Farmelee.  Forest  Rutherford. 

Committee  on  Annual  Dinner  Committee  on  Luncheon 

F.  T,  RuBiDnE,  FoREBT  RuTHEHPORD,  ChaiTmm. 

E.  B.  Stirgw.  E.  Maltbt  Smpp. 

Committee  on  Patriotic  Meeting 
II.  C.   Parmblee,  Chairman 
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WOMAN'S  AUXILIARY— AMERICANIZATION  COMMITTEE 

Flag  Day  Celebrations  Develop  Practical  Patriotism 

Among  the  hundreds  of  industries  which  celebrated  Flag  Day  on 
June  14,  were  a  number  of  mines,  and  a  report  from  the  United  States 
Smelting,  Refining  and  Mining  Co.  tells  how  the  programs  were  carried 
out  at  Mammoth  and  Chrome. 

In  the  first  place,  Flag  Day  was  not  observed  by  knocking  off  work, 
but  by  short  exercises,  after  which  work  was  resumed  with  re-doubled 
energy.  In  this  crisis,  that  method  of  showing  devotion  to  the  flag  and 
country  miglit  be  termed  ''practical  patriotism."  In  other  words,  it 
could  be  expressed  as  ''Hats  off  to  the  flag  and  sleeves  up  for  it." 

Harry  Hunt,  first-aid  man  at  the  Mammoth  mine,  reports  that  the 
flag  raising  was  marked  by  the  spirit  of  high  enthusiasm,  which  included 
every  man,  woman  and  child  belonging  to  the  camp.  "The  miners  in 
their  working  clothes,  still  wearing  their  carbide  lamps  on  their  caps, 
with  faces  covered  with  dirt,  just  as  they  came  from  the  mine,  and  the 
ladies  and  children  with  their  bits  of  bright  color,  made  a  picture  worthy 
of  the  brush  of  a  master  painter.  The  program  rendered  was  that  ar- 
ranged by  the  National  Bureau  of  Education." 

First  came  a  bugle  call,  "To  the  Colors,"  given  by  Assistant  Su- 
perintendent C.  W.  Plumb.  Then  Foreman  Carpenter  W.  R.  (Bill) 
Young,  raised  the  stars  and  stripes  to  the  peak,  and  as  the  banner  un- 
furled to  the  breeze,  all  heads  were  bared,  and  the  salute  was  given 
by  the  workers,  whose  toil  at  home  is  strengthening  our  army  in  France. 
Then  the  miners  joined  in  the  singing  of  the  "Star  Spangled  Banner," 
and  repeated  the  "Pledge  of  Allegiance,"  and  the  "American's  Creed." 

Shift-boss  W.  J.  Phinazee  then  addressed  his  fellow  workers,  telling 
them  how  the  flag  stands  for  their  protection  and  that  of  their  loved  ones, 
and  how  it  should  be  loved  and  respected,  not  only  by  the  native  born, 
but  by  all  who  live  here  under  its  protection.  Those  of  alien  birth,  who 
have  come  here  because  of  the  greater  opportunities  offered  in  America, 
owe  a  special  honor  to  the  stars  and  stripes,  and  the  point  was  made 
that  these  men  from  other  lands  should  not  love  their  old  home  less,  but 
their  adopted  country  more.  The  majority  of  those  present  were  foreign- 
ers, and  their  hearty  applause  showed  that  they  appreciated  the  point 
made  by  their  shift-boss,  who,  because  of  his  position,  was  able  to  address 
them  as  man  to  man. 

The  brief  ceremony  closed  with  the  singing  of  "America,"  after  which 
tools  were  picked  up  and  the  day's  work  was  resumed  with  more  than 
usual  energy. 

It  has  been  proposed  that  as  many  as  possible  of  our  holidays  should 
be  linked  up  with  love  of  country,  and  that  this  love  be  expressed  by  de- 
votion to  the  daily  toil  which  strengthens  our  country.  The  shipbuilders 
set  us  all  the  right  example  when  they  made  July  4th  the  occasion  for 
launching  a  fleet  that  will  aid  directly  to  our  success  in  this  war.  The 
Labor  Day  celebration  this  year  is  characterized  as  a  day  to  "Splash  the 
Kaiser' '  by  a  similar  huge  launching  of  ships.  The  mining  industry,  which 
is  no  less  vital  to  our  success  in  the  war,  can  constantly  hammer  home 
the  fact  that  the  duty  of  a  loyal  American  miner  is  to  produce  metal  or 
coal,  while  the  miner  of  foreign  birth  must  sec  that  the  way  to  prove 
his  devotion  to  his  adopted  country  is  to  work  for  it  whole-heartedly. 
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As  the  cooperation  of  the  foreign-born  is  so  essential  to  strengthen- 
ing our  industries  and  winning  the  war,  we  should  make  them  realize  that 
we  appreciate  their  help.  And  while  encouraging  the  emigrants  from  other 
lands  to  love  and  work  for  America,  we  should  see  to  it  that  they  are 
treated  like  Americans,  given  a  chance  to  Uve  like  Americans  by  our  own 
standard  of  hving,  and  afforded  every  opportunity  to  learn  our  language 
and  acquire  citizenship.  It  is  by  such  methods  that  we  shall  unite  all  races 
in  America  to  win  this  war.  Mrs.  C.  C.  Burger,  Chairman, 


DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  April  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on 
the  battlefield  in  1915. 

Burt,  Andrew,  died  in  active  service,  1916. 

Cobeldick,  William  Morley,  Royal  Engineers,  died  from  gas  poisoning 
on  October  7,  1915. 

Dougall,  Ralph,  4th  University  Co.,  Princess  Patricia  Regiment, 
killed  in  action  early  in  the  war. 

Evans,  Alfred  Winter,  Lieut.-Col.,  New  Zealand  Rifle  Brigade, 
D.  S.  0.,  D.  C.  M.,  killed  in  action  on  October  12,  1917. 

Gorman,  Thomas  C,  Lieut.,  Canadian  Engineers,  killed  in  France, 
Mar.  18,  1918. 

Hague,  William,  1st  Lieut.,  Engineer  Officers'  Reserve  Corps,  died  in 
active  service,  Jan.  1,  1918. 

Hall,  William  T.,  Capt.,  Royal  Flying  Corps,  killed  in  action,  May 
19,  1917. 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  died  at  Fort  Sill, 
Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  11th  Engineers,  A.  E.  F.,  died  July  26, 
1918,  while  on  active  service  in  France. 

Perry,  Edward  H,,  Ist  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
Expeditionary  Forces,  France,  killed  in  action  on  March  30,  1918. 

Pretyman,  Frank  Remington,  2d  Lieut.,  Royal  Engineers,  killed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.,  Royal  Engineers,  B.  E.  F.,  232d  Army 
Troops  Co.,  killed  in  action. 

Ringlund,  Soren,  Medical  Department,  Fort  Logan,  Colo.,  died 
suddenly  in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aeroplane 
accident  in  England  on  May  25,  1918. 
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NEWS  FROM  MEMBERS  AT  THE  FRONT 

E.  Baumgarten  has  returned  from  active  service  in  France.  He 
reports  that  he  saw  C.  W.  Campbell,  formerly  with  the  2d  Engineers 
on  the  Chateau  Thierry  front,  and  believes  that  the  latter  returned  to 
the  United  States  on  August  1.  He  also  saw  J.  J.  Croston;  G.  J.  Sielaff, 
recently  transferred  to  the  Gas  Service;  Thomas  M.  Smither,  survivor  of 
the  Tuscania  after  a  10-mUe  swim  to  Ireland.  While  in  Paris  he  en- 
deavored to  see  Prof.  Sauveur,  but  was  unsuccessful. 

F.  K.  Borrow  was  given  a  commission  as  Lieutenant  in  the  Royal 
Garrison  Artillery  in  1914,  but  h^d  to  relinquish  it,  on  account  of  ill 
health,  in  August,  1915.  His  health  has  much  improved  and  he  hopes 
to  resume  active  work  toward  the  end  of  this  year. 

Davis,  A.  W.,  see  British  Columbia  Engineers,  below. 

Alfred  Fox,  Jr.,  enlisted  in  the  Public  Schools  Brigade,  Royal  Fusiliers, 
in  September,  1914;  was  gazetted  Lieutenant  in  the  Royal  Field  Artillery 
in  December,  1914,  promoted  to  Captain  in  November,  1915,  and  Adju- 
tant to  78th  Brigade,  Royal  Field  Artillery,  in  January,  1916.  He  was 
appointed  Staflf  Captain  of  the  12th  Divisional  Artillery  in  November, 
1917.  He  has  served  continuously  in  France  since  July  1, 1915.  He  was 
awarded  the  Military  Cross  in  January,  1917,  and  four  times  mentioned 
in  despatches. 

E.  Fraser-Campbell  writes  that  he  joined  the  London  University 
0.  T.^C.  in  January,  1918,  for  five  weeks;  enlisted  with  the  Argyll  and 
Sutherland  Highlanders  in  February,  1918,  and  attended  a  training 
course  for  officer  cadets  at  Chatham  for  six  weeks.  He  was  commissioned 
2d  Lieutenant,  Royal  Engineers,  in  April,  1918.  After  two  months 
on  home  training  at  Chatham,  he  landed  in  France  on  June  23,  1918, 
posted  to  180th  Tunnelling  Co.,  R.  E.,  and  is  now  with  his  unit  up  on 
the  line. 

Major  A.  Hibbert,  of  the  3d  Tunnelling  Company,  Canadian  Engi- 
neers, B.  E.  F.,  joined  the  Forces  in  1914  and  went  to  France  in  June, 
1915,  where  he  has  seen  continuous  service  since  as  a  mining  officer.  He 
is  now  commanding  the  above  unit  and  has  been  twice  mentioned  in 
despatches,  on  Jan.  1,  1916  and  again  on  Jan.  1,  1918.  He  was  also 
awarded  the  Military  Cross  in  November,  1915. 

Walter  Hooker,  Lieutenant,  Royal  Engineers,  writes  from  Palestine 
that  the  weather  has  been  ideal ;  lots  of  sunshine,  now  and  then  heavy  rain 
and  a  little  cold  at  night,  but  a  Paradise  after  the  Balkans. 

Captain  W.  Hutchison,  of  the  Canadian  Forestry  Corps,  France, 
writes  that  he  has  been  with  the  Canadian  Forces  since  the  beginning 
of  1916,  first  with  the  infantry  and  then  with  the  forestry  corps.  Until 
a  few  months  ago  he  was  with  one  of  the  companies;  at  present  he  has  a 
detachment  out  on  mill  erection. 

The  Canadian  Forestry  Corps  is  an  efficient  organization  and  has 
established  some  wonderful  records  in  France,  in  the  way  of  production. 
Many  of  the  companies  operate  close  up  to  the  Une  and  know  what  it  is 
to  be  shelled  and  bombed. 

Reynolds,  L.  B.,  see  British  Columbia  Engineers,  below. 
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ECarold  Rickard,  Lieutenant,  Royal  Engineers,  obtained  his  commii* 
sion  in  1916,  and  has  been  sent  to  France  twice  in  a  tunnelling  company. 

Harold  Whittingham  was  in  Sardinia  managing  a  group  of  mines, 
but  left  there  in  October,  1914,  to  join  the  British  Forces.  After  three 
months  at  Woolwich,  he  was  gazetted  Lieutenant  in  the  Royal  Garrison 
Artillery  and  was  sent  out  to  Flanders.  .  He  was  at  Ypres  sixteen  months. 
He  has  been  in  several  engagements,  viz.,  Hooge,  Hill  60,  2d  Battle  of 
Ypres,  and  was  mentioned  in  Sir  Douglas  Haig's  despatch,  for  gallantry 
on  the  Somme.  On  November  30,  1917,  he  was  reported  missing,  but 
some  three  weeks  later  it  was  reported  from  the  war  office,  and  after- 
ward it  was  officially  announced,  that  he  was  wounded  and  a  prisoner 
of  war  in  Germany.  Owing  to  a  wounded  arm,  while  at  Heidelburg  he 
was  recommended  for  internment  in  Holland,  and  he  is  still  there  under 
medical  treatment.  He  is  now  Major  of  the  71st  Heavy  Battery, 
Royal  Garrison  Artillery. 

British  Columbia  Engineers. — In  August,  1914,  there  were  nine 
mining  engineers,  all  university  men,  who  threw  up  their  positions 
and  left  Nelson,  B.  C.,  to  travel  over  400  miles  to  enlist  as  sappers  in 
the  North  Vancouver  Engineers.  They  were  A.  W.  Davis,  Mining 
Engineer  for  the  Consolidated  Mining  and  Smelting  Co.  of  Canada; 
Alfred  Evans,  Assistant  Superintendent  of  the  Silver  King;  W.  Robertson 
of  the  Trail  smelter  staff;  Cyril  B.  North,  Manager  of  the  Dundee  mine, 
Ymir;  L.  B.  Reynolds,  Manager  of  the  Eureka  copper  mines;  W.  B. 
Webster,  mining  engineer  of  New  Denver;  Thomas  Brown,  of  Australia, 
with  the  Minerals  Separation  Co.;  Bryan  Terrance  O'Grady,  of  the 
Dominion  Government  engineering  staflF,  and  George  Revell,  mining 
engineer  of  the  firm  of  Green  Brothers  &  Burden. 

They  were  afterward  transferred  to  the  First  Field  Company, 
Canadian  Engineers,  and  after  short  training  at  Valcartier  proceeded  to 
England  with  that  company.  In  England,  Sappers  Brown  and  O'Grady 
were  given  commissions  in  English  units.  The  remaining  seven  went 
to  France  in  February,  1915,  after  further  training  in  the  art  of  being 
mud  larks  on  Salisbury  Plains. 

Early  in  1915,  just  after  the  second  battle  of  Ypres,  Lance  Corporal 
North  and  Corporal  A.  W.  Davis,  in  answer  to  a  call  for  mining  engineers 
for  mining  companies,  left  the  Canadian  Engineers  and  were  given 
commissions  in  the  tunnelling  company.  These  two  officers  did  so 
well  that  on  the  formation  of  the  Canadian  Tunnelling  Company  they 
were  called  back  to  the  Canadian  Corps  and  given  command  of  two  of 
the  companies.  For  his  work  at  HUl  60,  Major  Davis  was  awarded  the 
D.S.O.,  and  Major  North  was  afterward  given  the  D.S.O.  for  the  part 
his  company  took  in  the  blowing  up  of  Messines  Ridge.  Major  North 
had  previously  been  awarded  the  M.C.  for  good  work  under  fire. 

Later  on.  Sapper  Robertson  and  Sapper  Webster  received  commis- 
sions in  the  company  with  North  and  Davis.  Second  Lieutenant 
Robertson  paid  the  supreme  price,  being  killed  by  a  sniper's  bullet  in 
the  Ypres  salient.  Curiously  enough.  Second  Lieutenant  Webster  was 
struck  a  few  nights  later  on  exactly  the  same  spot  and  in  the  same  place 
on  his  body  by  another  sniper's  bullet.  His  life  was  despaired  of,  but 
after  a  desperate  operation,  over  a  year  in  hospital,  and  seven  months 
rest,  he  returned  to  duty  and  was  transferred  to  the  Canadian  Forestry 
Corps. 
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Sapper  George  Revell,  after  passing  safely  through  the  battles  of 
Ypres  and  Festubert,  was  killed  at  the  battle  of  Givenchy  in  1915. 
Always  keen,  he  went  out  that  day  in  spite  of  the  fact  that  his  heel  was 
raw  and  he  was  advised  not  to  go.  Of  the  little  party  of  23,  only  six 
came  back  alive,  and  two  of  them  were  wounded. 

A  few  days  before  the  battle  of  Givenchy,  Corporal  Alfred  Evans 
left  the  company  to  become  a  Brigade  Mining  OfiSicer,  a  position  used  as 
an  alternative,  on  a  front  where  mining  was  necessaiy,  but  no  company 
was  yet  available.  His  going  was  keeiSy  felt  by  his  section,  for  he  was 
beloved  by  all.  He  had  already  been  mentioned  in  dispatches- by  Field 
Marshal  Lord  French,  for  his  courage  and  good  work  during  the  second 
battle  of  Ypres.  Shortly  after  his  promotion,  he  was  killed  by  a  rifle 
grenade  near  "Plug  Street." 

Sapper  L.  B.  Reynolds  left  the  old  company  in  November,  1915, 
and  was  given  a  commission  in  a  mining  company  on  the  Somme.  He 
was  twice  slightly  wounded  by  bullets  and  in  1916  had  his  leg  severely 
injured.  He  enjoyed  four  months  rest  in  hospital  and  leave,  recuperat- 
ing from  his  wound  and  mine  gas  poisoning;  returned  to  the  front  during 
the  battle  of  the  Somme,  was  twice  wounded  slightly  again,  once  by  a 
blow  on  the  nose  from  a  rifle  and  once  with  a  piece  of  shell  in  his  calf. 
Early  in  1917,  he  was  mentioned  in  the  orders  of  the  day  by  the  Com- 
mander in  Chief  of  the  French  army.  General  Nivelle,  who  decorated 
him  on  the  field,  in  the  presence  of  the  famous  Iron  Division,  with  the 
Croix  de  Guerre  with  a  palm.  In  the  following  August,  he  was  buried 
by  an  eight-inch  shell  and  suffered  such  injuries  to  his  head,  and  also 
from  concussion,  that  he  has  now  been  honorably  invalided  from  the 
service.    He  was  Captain  Reynolds  at  the  time  of  his  retirement. 

Majors  North  and  Davis  are  still  at  the  front  with  the  Canadian 
Engineers.  Captain  Thomas  Brown,  M.C.,  was  with  the  Royal  Engineers 
.  in  a  mining  company  at  the  front  when  last  heard  from.  Major  O'Grady, 
M.C.,  was  recuperating  from  the  effects  of  a  long  campaign  on  the 
Salonica  front.  Capt.  Webster  is  now  a  staff  captain  in  the  Forestry 
Service  in  France.  These  five  are  still  carrying  on.  May  their  leave 
come  soon  and  often. 


ADDITIONAL  LIST  OF  MEMBERS  OF  THE  INSTITUTE 

IN  MILITARY  SERVICE 

(The  foUowing  list  contains  the  names  of  those  members  of  the  Institute  of  whose 
oonnection  with  military  service  we  have  only  recently  become  acquainted;  it  also 
includes  the  names  of  a  few  who  have  recentlv  been  promoted  or  transxerred,  indicated 
by  a  *.  A  complete  list  was  published  in  the  Year  Book,  issued  as  a  supplement  of 
the  BuOelin  for  March,  1918.) 

Adams,  Arthur  K.,  Lieut.,  Co.  2,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

Amidon,  Claude  E.,  11th  Training  Co.,  Casual  Camp,  Camp  Cody, 
X.  M. 

*Barbour,  p.  E.,  Capt.,  Engineer  Corps,  U.  S.  A. 

^Benhah,  W.  M.,  Master  Engr.,  Headquarters  Dept.,  115th  Engrs. 
A.  E.  F.,  Care  Postmaster,  N.  Y. 

BicKNELL,  H.  L.,  Pvt.,  Co.  D,  27th  Engrs.,  Camp  Leach,  D.  C. 

*Blandt,  S.  H.  B.,  Lieut.,  Royal  Horse  Artillery,  B.  E.  F. 
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Blickensderfer,   F.   C,    1st  Lieut.,   Ordnance  Dept.,  Edgewood 
Arsenal,  Edgewood,  Md. 

Brown,  Frank  Harold,  Capt.,  Engr.  R.  C. 
Brown,  S.  R.,  Co.  F,  27th  Engrs.,  Camp  Leach,  D.  C. 
Browning,  Edward,  1st  Engineer  Corps,  A  El  F.,  Care  Postmaster, 
N.  Y. 

*Bruns,   C.  L  ,  Jr.,   2d  Lieut.,  Aviation  Section,  U.  S.  A.,  Dorr 
Field,  Arcadia,  Fla. 

BuRPORD,  S.  W.,  Capt.,  Ordnance  Supply  Div.,  Rock  Island  Arsenal, 
Hotel  Blackhawk,  Davenport,  la. 

*BuRG,  R.  S.,  2d  Lieut.,  5th  Reg.,  15th  Batt.,  F.  A.  N.  A.,  A.E.F., 
Care  Postmaster,  N.  Y. 

Burroughs,  A.  H.,  Jr.,  Ensign,  U.  S.  Naval  Reserve,  Bureau  of 
Ordnance,  N.  Y. 

♦Canton,  William  R.,  Pvt.,  Headquarters  Co.,  80th  F.  A.,  7th  Div., 
A.  E.  F. 

Carpenter,  Clark  B.,  2d  Lieut.,  Co.  B,  23d  Engineers,  A.  E.  F. 
via  N.  Y. 

♦Carstens,   C.   E.,   2d  Lieut.,  Care  Director,   Chemical  Warfare 
Section,  A.  E.  F. 

Case,  Willis  Whittier,  Jr.,  Sec'y,  Selective  Service  Board,  Div. 
No.  7,  Room  203,  City  Hall,  Denver,  Colo. 

Chan,  Clarence  T. 

*  Chase,  J.  L.,  Cadet  No.  2011205,  Canadian  Engrs.,  Guy  St.  Barracks, 
Montreal,  P.  Q.,  Canada. 

Colburn;  C.  Lorimer,  Capt.,  Engineers,  OflBcers'  Training  School, 
Camp  Humphreys,  Va. 

*CoLEMAN,  W.  H.,  Corp.,  Co.  E,  23d  U.  S.  Engrs.,  A.  E.  F.,  France, 
via  N.  Y. 

♦Craig,  John  J.,  2d  Lieut.,  311th  Engrs.,  A.  E.  F. 

♦Crossfield,  J.  T.  K.,  Lieut.,  Royal  Air  Force. 

♦Davidson,  Lyndall  P.,  2d  Lieut.,  373d  Aero  Squadron,  A.  E.  F. 

Decker,  Harold  DbWttt,  Co.  A,  27th  Engineers,  A.  P.  O.  No.  714, 
A.  E.  F.,  Care  Postmaster,  N.  Y. 

Dewey,  George  C,  Pvt.,  Headquarters  Co.,  146th  Machine  Gun 
Batt.,  American  P.  0.  727,  A.  E.  F.,  France. 

*Dick-Cleland,  a.  F.,  Capt.,  172d  Co.,  Royal  Engrs.,  B.  E.  F. 

♦DoBSON,  Percy  G.,  Railway  Construction  Co.,  C.  E.  F. 

Dove,  D.  R.,  Co.  B,  Training  Detachment,  University  of  Utah,  Salt 
Lake  City,  Utah. 

Duncan,  Dan  McLean,  2d  Lieut.,  312th  Engineers,  A.  E.  F.,  Care 
Postmaster,  N.  Y. 

♦Earling,  Roy  B.,  2d  Lieut.,  Headquarters  Co.,  67th  Field  Artillery, 
Camp  Bowie,  Tex. 

♦Edmonson,  H.  W.,  Capt.,  Engr.  Reserve  Corps,  28th  Engrs.,  A.  E.  F. 

Ford,  Harold  P.,  U.  S.  Naval  Reserve  Force,  Steam  Engr.  School. 

♦Gates,  A.  0.,  Lieut.,  U.  S.  Naval  Reserve  Force,  U.  S.  S.  MarbU- 
heady  Care  Postmaster,  N.  Y. 

♦Grant,  Ulysses  S.,  IV.,  2d  Lieut.,  Textile  Equipment   Branch, 
0.  Q.  M.  G.,  Room  59,  1800  Virginia  Ave.,  Washington,  D.  C. 

♦Gravatt,  C.  Marshall,  Lieut.,  A.  S.,  Sig.  R.  C,  First  Pursuit 
Group,  95th  Aero  Squadron,  A.  E.  F. 

♦Greenan,  J.  0.,  Lieut.,  27th  Engrs.,  Camp  Leach,  D.  C. 
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Grenfell,  Donald  S.,  121  Ambulance  Co.,  106th  Sanitary  Train, 
Camp  Wheeler,  Ga. 

Harbicht,  Harlan  C,  Lieut.,  Co.  12,  Engr.  Training  Regiment, 
Camp  Humphreys,  Va. 

*Havlin,  Thomas  N.,  Capt.,  138th  Ordnance  Depot  Co.,  Las  Casas, 
Porto  Rico. 

*HiBBERT,  Arthur,  Major,  3d  Tunnelling  Co.,  Canadian   Engrs., 

B.  E.  F. 

Howell,  Jesse  V.,  Field  Artillery  Officers'  Training  School,  Camp 
Taylor,  Ky. 

*HuRD,  RuKARD,  Major,  Engr.  Officers'  Reserve  Corps,  U.  S.  Bureau 
of  Mines,  State  Capitol,  St.  Paul,  Minn. 

HussissiAN,  K.  L.,  Pvt.,  Co.  15th,  Depot  Brigade  16l8t,  Camp  Grant, 

xu. 

*HuTCHisoN,  William,  Capt.,  Headquarters  9th  Dist.,  Canadian 
Forestry  Corps,  C.  E.  F. 

James,  Floyd  D.,  Ensign,  U.  S.  N.,  10th  Regiment,  Submarine  Unit, 
Pelham  Bay  Park,  N.  Y. 

Kennedy,  H.  deS.,  Air  Service  (Unassigned),  U.  S.  A. 

LoERPABEL,  W.  Harrison,  Ma^omanie,  Wis. 

Maier,  Herman  R.,  Lieut.,  Engr.  Reserve  Corps,  305th  Engr.'  Train, 
A.  P.  0.  No.  756,  A.  E.  F. 

Maness,  Orib  N.,  Co.  D,  1st  Replacement  Engineers,  Washington 
Barracks,  D.  C. 

*Mead,  Richard,  Battery  C,  101st  Field  Artillery,  School  of  Instruc- 
tion, A.  P.  0.  No.  711,  A.  E.  F. 

*Moonby,  James  D.,  Capt.,  309th  Ammunition  Train,  Camp  Sher- 
man, Ohio. 

Murray,  Malcolm  S.,  Capt.,  Engr.  Reserve  Corps,  Co.  5A,  E.  O.  T. 

C ,  Camp  Lee,  Va. 

Nelson,  H.  C,  Co.  E,  314th  Engineers,  A.  E.  F. 

*NowLAN,  Harry  H.,  1st  Lieut.,  Balloon  Observation  Corps,  A.  E.  F. 

NowLiN,  R.  A.,  2d  Co.,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

Partanen,  Isak,  Pvt.,  Headquarters  Co.,  213th  Engrs.,  Camp  For- 
rest, Ga. 

*Pearson,  Alfred,  Jr.,  Capt.,  C.  E.,  U.  S.  A.,  Camp  Humphreys,  Va. 

*PiCKETT,  Charles  E.,  2d  Lieut.,  F.  A.  R.  C.,  American  P.  O.  No. 
718,  A.  E.  F. 

Pill,  John  R.,  Engineers'  Committee,  U.  S.  Fuel  Administration, 
Washington,  D.  C. 

Putnam,  Henry  R.,  Capt.,  Engr.  R.  C,  General  Engineering  Depot, 
Washington,  D.  C. 

*Rabling,  Harold,  Act.  Corp.,  2d  Draft  Reinforcements,  Field 
Engrs.  Australian  Imperial  Forces. 

*Ray,  Horatio  C.,  1st  Lieut.,  Engr.  R.  C,  Co.  A,  514th  Engrs., 
A.  E.  F. 

*Rickard,  Harold,  Lieut.,  Royal  Engrs.,  Brompton  Barracks, 
Chatham,  England. 

*Rodgers,  George  B.,  Principal  Asst.  Engr.,  Air  Nitrates  Corpn., 
Agent,  Ordnance  Dept. 

Rogers,  Alexander  P.,  Aircraft  Production,  Production  Dept., 
Chemical  Section. 
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ScHETJRBR,  L.  R.,  Co.  D,  First  Replacement  Engrs.,  Washington 
Barracks,  D.  C. 

ScHiNDLER,  Donald  F.,  34th  Co.,  M.  T.  D.,  Machine  Gun  Training 
Center,  Camp  Hancock,  Ga. 

Schmidt,  R.  D.,  Lieut.,  324th  Field  Artillery,  A.  E.  F.,  Care  Postmaster, 
N.  Y. 

*Shriver,  Ellsworth  H.,  Lieut.,  27th  Regiment  Engrs.  (Mining), 
Co.  C,  A.  E.  F. 

*Small,  H.  L.,  Capt.,  32d  Provisional  Ordnance  Depot  Co.,  A.  E.  F. 

Starbird,  Roy,  Pvt.,  Co.  D,  63d  Infantry,  Presidio,  Cal. 

*Steven,  Hugh  M.,  Capt.,  7th  Batt.,  Canadian  Engrs.,  B.  E.  F. 

Sykes,  W.  p.,  U.  S.  Naval  Aviators'  Reserve  Force. 

Teets,  John  N.,  U.  S.  Naval  Training  Station,  16th  Reg.  Aviation, 
C.  P.  O.  Barracks,  Great  Lakes,  111. 

*Thxtrstin,  Robert  A.,  Lieut.,  Co.  C,  308th  Engineers,  A.  E.  F. 

Turner,  Scott,  Lieut.,  U.  S.  Naval  Reserve  Force. 

Uren,  Lester  C.,  Capt.,  Chemical  Warfare  Service,  A.  E  F. 

ViSEL,  C.  E.,  Co.  3,  Engr.  Officers'  Training  School,  Camp  Hum- 
phreys, Va. 

Waite,  Allan  G.,  1st  Lieut.,  Air  Service,  Military  Aeronautics, 
South  San  Antonio,  Tex. 

*Wallower,  Herbert  Hoover,  2d  Lieut.,  Co.  B,  29th  Engrs., 
American  P.  O.  No.  714,  A.  E.  F. 

Ward,  A.  T.,  Co.  F,  56th  Pioneer  Infantry,  Camp  Wadsworth,  S.  C. 

White,  Roger  F.,  2d  Lieut.,  Co.  D,  4th  Engrs.  Training  Reg.,  Camp 
Humphreys,  Va. 

*Whittingham,  Harold,  Major,  71st  Heavy  Battery,  Royal  Garri- 
son Artillery,  Royal'  Hotel,  Scheveningen,  Holland.     (Prisoner  of  War.) 

Wilson,  Joseph  M.,  Asst.  Inspector,  Engr.  Material,  U.  S.  Navy, 
1243  Russell  St.,  AUentown,  Pa. 

Witt,  Herbert  N.,  Naval  Service. 

Wood,  Roy  U.,  Ensign,  U.  S.  Naval  Reserve  Force,  Section  R,  Bureau 
of  Ordnance,  Navy  Dept.,  Washington,  D.  C. 

WoLVERTON,  F.  M.,  Jefferson  Barracks,  Mo. 

Wormser,  Felix  E.,  Co.  3,  Engr.  Officers'  Training  Corps,  Camp 
Humphreys,  Va. 

Wroth,  J.  S.,  1st  Lieut.,  Engr.  Reserve  Corps. 

THE  NATIONAL  ENGINEERING  SOCIETIES  AND  THE  NATIONAL 

RESEARCH  COUNCIL 

By  George  Ellery  Hale* 

(The  following  extracts  from  Mr.  Hale's  paper  have  been  made 
by  the  Editor,  as  being  of  particular  interest  to  our  members,) 

In  an  address  delivered  on  May  28,  at  the  kind  invitation  of  the  Engi- 
neering Foundation,  I  briefly  sketched  ''The  War  Activities  of  the  Na- 
tional Research  Council. ''^  The  wide  scope  of  my  subject  forced  me  to 
touch  very  Ughtly  upon  engineering;  I  therefore  beg  permission  to  return 
to  this  phase  of  the  subject. 

As  shown  in  my  earlier  address,  the  charter  membership  of  the  Na- 
tional Academy  of  Sciences,  organized  in  the  midst  of  the  Civil  War, 

*  Chairman.  National  Research  Council. 
»  BuUetin  No.  140  (Aug.,  1918),  xxxix. 
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comprised  a  notable  group  of  engineers.  Indeed,  engineering  was  the 
only  one  of  the  arts  represented  in  the  Academy,  which  based  its  elections, 
then  as  now,  upon  creative  work  and  original  contributions  to  knowledge. 
The  war  was  the  immediate  stimulus  that  led  to  the  establishment  of 
the  Academy,  but  the  published  opinions  of  well  known  visitors  from 
abroad,  particularly  De  Tocqueville^  and  Tyndall,'  indicate  that  there 
was  urgent  need  for  such  a  body  in  this  country. 

The  half  century  which  elapsed  before  the  United  States  was  again 
stirred  to  its  depths  by  another  great  war  was  a  time  of  specialization, 
both  at  home  and  abroad.  Once  fairly  launched,  both  science  and  the 
arts  made  rapid  progress,  but  they  inevitably  grew  apart.  Indeed,  the 
tendency  toward  specialization,  which  divided  the  arts  from  the  sciences, 
also  separated  the  sciences  into  many  distinct  groups  and  split  the  arts 
widely  asunder. 

It  is  plain  that  these  effects  of  specialization,  while  natural  and  essen- 
tial elements  in  the  development  of  science  and  the  arts,  involve  certain 
consequences  which  are  far  from  advantageous.  The  underlying  motive 
of  the  investigator,  to  advance  knowledge  and  to  improve  practice  through 
the  utilization  of  new  ideas,  is  common  to  all  fields  of  action.  His  point 
of  view  is  much  the  same,  whether  his  problems  be  those  of  the  biologist 
or  the  engineer.  Moreover — and  this  is  a  matter  of  prime  importance — 
the  principles  and  methods  of  research  developed  in  one  field  may  be 
equsJly  applicable  in  another.  Thus  there  is  an  essential  solidarity  of 
research,  which  should  bring  into  active  cooperation  the  men  engaged 
in  all  of  its  various  branches.  Recent  experience,  both  in  peace  and  war, 
has  shown  how  effectively  the  physicist  and  chemist  can  join  forces  with 
the  engineer;  in  fact,  how  men  drawn  from  the  most  diverse  fields  can 
utilize  their  varied  experience  to  common  advantage. 

The  remarkable  development  of  engineering  in  the  United  States  is 
indicated  by  the  success  of  the  four  great  National  Societies,  which  ag- 
gregate more  than  thirty  thousand  members.  Nine-tenths  of  the  work 
of  the  engineer  is  organization  and  construction  rather  than  research. 
While  the  chief  interests  of  the  National  societies  thus  lie  in  other  fields, 
the  importance  of  research  is  such  as  to  demand  a  large  measure  of  support 
from  each  of  them.  Moreover,  great  benefit  will  result  from  a  joint 
effort,  involving  the  cooperation  of  the  National  engineering  societies 
with  the  National  Academy  of  Sciences  in  a  new  and  powerful  movement 
to  promote  research  in  every  branch  of  science  and  the  arts. 

It  is  natural  that  the  first  effective  contact  between  the  National  Acad- 
emy of  Sciences  and  the  National  engineering  societies  should  have  been 
established  through  the  Engineering  Foundation,  endowed  by  Mr. 
Ambrose  Swasey.  It  is  equally  natural  that  the  other  engineers  who 
took  leading  parts  in  the  movement  toward  a  consolidation  of  interests 
were  also  men  fitted  by  experience  to  appreciate  both  sides  of  the  question. 
The  National  Academy  owes  a  special  debt  of  gratitude  to  Mr.  Gano 
Dunn,  who  immediately  grasped  the  purpose  in  view,  and  has  worked 
unceasingly  toward  its  accomplishment.  Others  who  were  most  active 
in  the  initiation  of  the  movement,  including  particularly  Colonel  Carty 
and  Dr.  Pupin,  also  combine  experience  in  research  with  exceptional 
capacity  as  engineers. 


*  "De  la  democratic  en'Am^rique,"  IT^ed.,  vol.  3. 
»  "Six  Lectures  on  light,"  2d  ed.,  p.  226. 
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The  National  Academy,  probably  because  of  the  general  tendency  to- 
ward separate  development  of  the  arts  and  sciences  already  mentioned, 
failed  to  maintain  on  its  rolls  the  same  percentage  of  engineers  witD 
which  it  originally  set  out.  At  the  annual  meeting  in  April,  1916,  how- 
ever, the  following  resolution,  presented  by  the  Council,  was  adopted  by 
the  Academy: 

That  the  Council  express  to  the  Academy  the  opinion  that  it  is  desirable  that  a 
section  of  engineering  be  developed  which  shall  include  men  who  have  made  original 
contributions  to  the  science  or  art  of  en^neering;  that  to  this  end  the  Council  suggests 
to  the  Academy  that  the  present  section  of  physics  and  engineering  be  designated 
the  section  of  physics,  and  that  the  Council,  under  the  authority  granted  by  section 
4,  article  4,  of  the  constitution,  nominate  to  the  Academy,  after  inviting  suggestions 
from  the  members  of  the  Academy,  two  or  three  engineers  each  year  until  such  time 
as  it  ^all  seem  advisable  to  establish  a  separate  section  of  engineering,  any  engineers 
elected  as  the  result  of  such  nominations  neing  in  the  meantime  assigned  to  that  one 
of  the  existing  sections  to  which  their  work  is  most  closely  related. 

Since  that  time  six  eminent  engineers  have  been  elected  to  mem- 
bership in  the  Academy,  and  the  Section  of  Engineering  will  soon  be 
established. 

Another  means  of  connection  between  the  Academy  and  the  engineer- 
ing profession  was  initiated  at  the  same  meeting.  Our  relations  with 
Germany,  after  repeated  submarine  attacks  on  merchant  ships,  were  in  a 
state  of  high  tension,  and  the  need  of  some  preparation  for  coming  war 
was  plainly  evident.  The  Academy's  offer  of  service  to  the  President 
was  at  once  accepted,  and  the  National  Research  Council  was  formed,  at 
the  President's  request,  for  the  purpose  of  federating  the  research  activities 
of  the  country. 

It  is  a  matter  of  prime  importance  that  in  all  researches  bearing  on 
the  war,  the  scientific  and  technical  societies  of  the  entire  country  should 
work  in  close  cooperation,  both  to  avoid  unnecessary  duplication  and  to 
insure  the  utilization  of  all  ideas  and  facilities  available  for  the  solution 
of  the  most  difficult  problems.  The  National  Research  Council  affords 
the  necessary  means  of  bringing  representatives  of  these  bodies  together 
and  into  contact  with  the  various  technical  bureaus  of  the  Army  and 
Navy  and  other  departments  of  the  Government. 

The  constantly  increasing  demands  upon  Mr.  Dunn's  time  made  it 
necessary  to  select  new  oflScers  to  carry  on  the  engineering  work  in  Wash- 
ington. Dr.  Henry  M.  Howe  was  accordingly  made  Chairman,  and  Mr. 
W.  J.  Lester  Vice-chairman  of  the  Engineering  Division,  the  purpose  of 
which  is  described  in  the  following  excerpt  from  the  remarks  of  Dr.  Howe 
at  the  first  meeting  of  the  Advisory  Committee  of  the  Division. 

It  is  to  consider  how  we  may  best  carry  out  this  general  purpose  of  "codrdinating 
the  scientific  resources  of  the  entire  country,"  as  regards  engmeering  and  how  we  may 
best  ''secure  the  cooperation  of  all  engineering  agencies  in  which  research  facilities 
are  available"  that  we  have  been  calkd  together.  We  are  asked  to  do  something 
wholly  new,  and,  by  the  intentional  breadth  of  our  charter  we  are,  in  effect,  told  to 
devise  ways  of  doing  it. 

Our  most  pressing  duty  is  to  help  the  existing  governmental  agencies  in  every 
possible  way  to  win  the  war,  taking  the  attitude  that,  however  perfect  their  several 
organizations,  after  all  they  are  finite,  that  is,  limited,  whereas  the  demands  which 
the  most  rapid  possible  development  of  our  miUtary  strength  makes  on  them  are 
unlimited.  We  therefore  seek  and  welcome  ways  of  helping  them.  In  general  our 
natural  function  here  has  been  to  develop  ideas,  often  initially  nebulous,  far  enough 
to  make  their  usefulness  clear  to  the  military  authorities,  and  then  to  leave  the  active 
production  to  them. 
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Our  own  division  has  already  formed  five  sections:  on  mechanical  engineering, 
under  W.  J.  Lester;  prime  movers,  under  Prof.  Lionel  Marks;  metallurgy,  under  Prof. 
Bradley  Stoughton;  electrical  engineering,  under  Prof.  Stoughton  and  Prof.  C.  A. 
Adams;  and  military  ''tanks.''  The  National  Advisory  Committee  for  Aeronautics 
acts  as  our  section  on  aircraft.  Our  section  on  metallurgy  has  two  important  com- 
mittees, on  helmets  and  body  armor,  under  Major  Bashford  Dean,  and  on  smelting 
ores  of  manganese,  under  J.  E.  Johnson,  Jr. 

Since  that  meeting  the  work  of  the  sections  on  mechanical  engineering 
and  on  metallurgy  has  developed  rapidly.  The  former  has  taken  over 
the  laboratories  and  machine  shop  of  the  Carnegie  Institution  at  Pitts- 
burgh so  as  to  control  the  construction  of  the  devices  which  it  is  perfecting. 
Through  its  Committee  on  Fatigue,  under  the  chairmanship  of-  Prof. 
H.E.  Moore  of  the  University  of  Illinois,  it  has  begun  the  systematic 
study  of  fatigue  phenomena,  having  especially  in  view  the  requirements 
of  aircraft  crankshafts  and  welded  ship  plates.  It  has  brought  the  devel- 
opment of  two  special  typei  of  guns  so  far  that  one  is  now  ready  for  firing, 
while  the  other  will  probably  be  fired  before  this  paper  is  in  print.  Be- 
yond this  it  is  actively  developing  ten  devices,  a  special  gun  for  use  in 
aircraft,  a  special  mechanism  for  controlling  it,  a  new  control  fox*  aircraft^ 
aircraft  fuel,  tanks  of  various  types,  mechanism  for  controlling  trucks, 
a  new  type  of  tractor,  special  telescopes,  special  balloons,  parachutes,  and 
a  new  type  of  aircraft  engine. 

The  work  of  the  section  on  metallurgy  promises  to  develop  chiefly 
through  the  creation  and  direction  of  committees  which  shall  mobilize 
the  latent  skill  and  patriotism  in  the  metallurgical  works  themselves  and 
in  their  laboratories,  metallurgical,  chemical  and  mechanical,  and  in  the 
laboratories  of  our  institutions  of  learning.  Thus,  in  addition  to  the  com- 
mittees mentioned  by  Dr.  Howe,  this  section  has  organized,  under  the 
chainnanship  of  Col.  W.  P.  Barba  of  the  Ordnance  Department,  a  com- 
mittee containing  the  metallurgists  of  the  great  ordnance  works,  Beth- 
lehem, Midvale,  Standard  and  the  United  States  Steel  Corporation, 
to  formulate  detailed  directions  for  the  procedure  in  making  and  treating 
steel  ingots  for  objects  needing  the  very  best  quaUty,  such  as  cannon, 
shells,  armor  and  crankshafts.  Under  the  chairmanship  of  Dr.  George 
K.  Burgess,  of  the  Bureau  of  Standards,  it  is  now  organizing  a  committee 
to  develop  a  pyrometer  for  determining  the  temperature  of  the  molten 
steel  in  the  open-hearth  and  electric  steel  processes.  Other  committees 
with  aims  of  this  general  class  are  projected. 

The  work  of  the  Research  Information  Committee,  which  now  has 
offices  in  Washington,  London,  Paris,  and  Rome,  has  been  greatly  ex- 
panded by  the  action  of  the  Secretary  of  War  in  issuing  the  following 
general  order  to  all  scientific  and  technical  bureaus  of  the  War  Depart- 
ment: 

The  Research  Information  Committee  was  formed  to  establish  machinery  by 
means  of  which  the  general  staff  of  the  Army,  the  various  bureaus  of  the  Armv  and 
Navy,  the  scientific  organizations  in  the  United  States,  who  are  working  on  problems 
connected  with  war  production  and  invention,  and  the  various  committees  of  the 
Council  of  National  Defense  charged  with  work  of  this  nature,  may  be  put  in  touch 
with  the  developments  and  experimental  work  being  parried  on,  not  only  in  this 
country,  but  in  Europe,  and  kept  mutually  informed  of  the  state  of  development  of 
work  of  this  nature. 

In  pursuance  of  the  order  of  the  Secretary  of  War,  establishing  this  Committee 
and  in  order  effectively  to  do  this  work,  it  is  vitally  necessary  that  the  utmost  of 
cordial  cooperation  be  shown  by  each  of  the  bureaus  and  committees  in  question, 
with  the  Research  Information  Committee.     To  secure  this  the  following  is  directed: 
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(a)  All  military  bureaus  requiring  scientific  and  technical  intormation  are  givei; 
official  atatus  on  tne  Research  Information  Committee  in  Waehin^n,  D.  C. 

(b)  Representatives  of  military  bureaus  or  of  research  committees  collecting  in- 
formation abroad  will  be  instructed,  by  their  chiefs,  to  put  themselves  into  direct 
relationship  with  the  joint  committees  of  the  Research  Information  Committee  eitting 
in  Paris  or  London,  or  later  in  Rome,  in  order  that  information  be  at  onoe  dis- 
patched to  the  Research  Information  Committee  at  Washicgton,  D.  C.  All  com- 
munications of  scientific  investigations  or  research  shall  be  routed  through  these 
channels,  even  though  other  channels  are  employed  at  the  same  time. 

(c)  Official  means  of  intercommunication,  such  as  memoranda,  bulletins,  and 
the  like,  between  bureaus  of  the  Army  and  committees  for  research  shall  be  developed 
to  such  a  degree  of  efficiency  by  the  Research  Information  Committee  that  thf 
distribution  of  information  shall  be  j)ractically  automatic. 

{d)  Before  sending  officers  or  civiUans  abroad  for  investigation  work,  all  Anay 
bureaus  or  civihan  research  committees  shall  get  in  touch  with  the  Research  Informa- 
tion Committee  at  Washington.  D.  C.,  for  information  and  guidance. 

(e)  The  present  method  of  routing  information  memoranda  for  file  and  dis- 
tribution through  the  Military  Intelligence  Branch  will  not  be  discontinued. 

The  policy  of  the  Information  Service  will  be  to  render  available  to 
accredited  persons  all  sources  of  information  relating  to  research,  both 
at  home  and  abroad.  Its  chief  function  at  present  will  relate  to  the 
war;  but  this  naturally  includes  extensive  duties  of  an  industrial  nature, 
in  addition  to  more  strictly  military  and  naval  work.  Through  the 
Scientific  Attaches  at  the  various  embassies,  the  Army  and  Navy  In- 
telligence Services,  and  the  officers  of  the  scientific  and  technical  bureaus 
of  the  Government,  and  through  various  other  agencies  with  which  the 
National  Research  Council  is  in  touch,  a  large  collection  of  valuable 
information  will  be  brought  together  and  collated  for  easy  reference. 

The  work  of  the  Research  Information  Service,  which  has  already 
led  to  the  establishment  of  the  position  of  Scientific  Attach^  by  the 
State  Department,  is  part  of  an  extensive  plan  for  international  coopera- 
tion in  research  which  is  being  developed  by  the  National  Academy  of 
Sciences  and  the  National  Research  Council.  A  detailed  plan  for 
cooperation  among  the  Allies  in  all  researches  bearing  on  the  war  has  been 
prepared  by  the  Council  of  the  National  Academy,  for  submission  at  a 
meeting  in  London. 

I  may  conclude  this  paper  with  a  brief  reference  to  the  common 
interests  of  the  National  Engineering  Societies  and  the  National  Research 
Council  in  the  promotion  and  organization  of  industrial  research.  At 
a  meeting  in  New  York,  on  May  29,  it  was  decided  to  organize  the 
work  of  a  section  devoted  to  this  subject,  and  to  begin  the  pubLcation 
of  a  series  of  bulletins  on  the  value  of  research  and  the  advantages 
resulting  from  the  establishment  of  research  laboratories.  Here  is  a 
field  where  the  engineering  societies  and  the  Research  Council  can 
cooperate  to  special  advantage  through  the  Engineering  Foundation, 
which  is  already  taking  an  active  part.  The  possibilities  of  developing 
this  field,  through  the  establishment  of  special  laboratories  and  bj- 

"■" ^3,  are  obvious,  and  advantage  will  be  taken  of  the  present 

opportunity  to  influence  favorably  the  industries  which  have 
led  to  appreciate  the  value  of  research. 
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H.  S.  NAVT  STEAM  ENGINEERING  SCHOOL 

The  U.  S.  Navy  Department  has  perfected  plans  for  the  enrollment 
and  training  of  considerable  numbers  of  engineering  officers.  A  school 
for  this  purpose,  the  U.  S.  Navy  Steam  Engineering  School,  has  been 
established  by  the  Department  at  Hoboken,  N.  J. 

The  school  is  open  to  men  between  the  ages  of  21  and  40  who  meet  the 
physical  requirements  of  the  Navy,  who  are  of  thorough  ability  and 
officer-like  character  and  who  have  completed  the  mechanical  or  electrical 
engineering  coiu^e  at  certain  recognized  technical  schools,  or  who  pos- 
sess an  education  and  experience  adjudged  to  be  an  equivalent  thereof. 

Enrollment  in  the  U.  S.  Naval  Reserve  Force  of  men  properly  qualified 
may  be  made  at  any  Naval  enrolling  office,  notation  being  made  of  the 
applicant's  qualifications  and  desire  to  be  detailed  to  this  school.  Ap- 
plicants will  be  enrolled  as  Chief  Machinist  Mates,  and  during  the  course 
of  instruction  will  draw  the  pay  of  this  rating,  $83  per  month,  plus 
S60  per  month  paid  as  subsistence.  Upon  graduation,  men  will  be  com- 
missioned as  Ensigns  in  the  U.  S.  Naval  Reserve,  with  a  salary  of  $1700 
per  year.  The  duty  to  which  a  graduate  of  this  school  will  be  assigned 
will  be  that  of  an  engineer  officer  in  the  auxiliary  service  of  the  Navy. 

Special  provision  has  been  made  for  the  continuance  of  the  school 
with  proper  material  by  a  Navy  regulation  which  permits  under- 
graduates of  the  Freshman,  Sophomore,  and  Junior  Classes  in  recognized 
engineering  schools  to  enroll  in  the  Naval  Reserve  Force  with  the  rating 
of  Seaman  2d  Class,  and  continue  their  courses  at  the  institutions 
where  they  have  matriculated.  Such  men  will  be  called  into  active 
service  after  their  graduation,  and  can  at  that  time,  if  they  are 
qualified  to  pass  an  officers'  physical  examination,  apply  for  admission 
to  the  U.  S.  Navy  Steam  Engineering  School. 

Men  who  are  registered  in  the  draft,  either  graduates  or  under- 
graduates, may  enroll  with  the  proper  enrolling  officer  by  securing  from 
their  draft  board  a  letter  of  release,  which  in  all  probability  can  be  obtained 
for  this  purpose. 

The  aim  of  this  school  is  not  simply  to  produce  engineers,  but  to 
produce  naval  engineering  officers  in  the  true  sense  of  the  word.  The 
course  of  instruction  covers  a  period  of  five  months,  arranged  in  four 
periods. 

The  first  period  is  spent  at  the  Pelham  Bay  Training  Camp,  New 
York.  By  means  of  drills  and  strict  military  discipline  we  so  train  the 
man  that  he  understands  both  the  value  and  the  meaning  of  discipline. 
This  period  is  from  three  to  four  weeks  in  duration. 

The  second  period  is  spent  at  the  Navy  School  in  Hoboken,  N.  J. 
There,  in  five  weeks,  the  man  studies  the  characteristic  construction 
of  machinery  used  aboard  ship.  A  week  is  spent  on  boilers;  a  week  on 
propulsive  machinery;  two  weeks  on  auxiliary  machinery  and  a  week  on 
operation.  The  week  on  operation  is  given  so  that  the  man  may  better 
utilize  the  training  of  the  next  period.  Lectures,  quizzes,  and  sketch 
periods  occupy  the  day,  and  the  entire  evening  is  spent  in  study.  A  drill 
period  is  also  included  in  the  afternoon. 

The  next  period  is  called  the  Applied  Course,  and  is  spent  on  board 
various  classes  of  ships,  such  as  tugs,  ferry  boats,  and  Sound  steamers 
operating  in  New  York  Harbor  and  Long  Island  Sound.    The  final 
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part  of  this  practical  training  consists  of  a  cruise  over  seas  on  a  naval 
transport  or  cargo  ship. 

At  this  stage  of  training,  a  student  is  given  the  rank  of  Warrant 
Machinist  (at  a  pay  of  $1500  per  year)  so  that  he  can  actually  take  charge 
of  a  steaming  watch.  The  aim  is  to  teach  the  operation  of  a  marine 
plant,  including  adjustments  and  minor  repairs  such  as  are  made  aboard 
ship. 

After  the  man  has  completed  the  Applied  Course  he  is  sent  back 
to  the  barracks  for  further  examination  and  study.  It  is  felt  that  the 
future  engineer  officer  must  not  only  know  how  to  operate  a  given  type 
of  equipment,  such  as  may  be  found  on  a  single  ship,  but  must  also  be 
familiar  with  all  standard  machinery  in  use  on  other  ships.  He  must 
also  be  resourceful  enough  to  keep  the  plant  in  operation  under 
all  conditions. 

At  periods  during  the  course  the  student  visits  boiler  shops  and  en- 
gine shops  and  sees  the  actual  construction  of  boilers  and  engines.  Upon 
graduation  the  student  is  commissioned  as  an  Ensign,  U.  S.  N.  R.  F.,  with 
a  salary  of  $1700  per  year,  and  is  detailed  for  engineering  duties  on  navy, 
transports  and  cargo  ships. 

For  further  information,  write  to  the  assistant  district  enrolling  oflScer 
102  Customhouse  Bldg.,  New  Orleans,  La. 


U.  S.  EMPLOYMENT  OFFICE 

The  United  States  Employment  Office  of  the  Department  of  Labor, 
of  which  the  division  of  engineering  and  education,  under  the  direction 
of  A.  H.  Krom,  maintains  an  office  at  29  La  Salle  Street,  Chicago,  HI., 
is  engaged  in  a  classification  of  engineers  in  order  to  make  their  services 
more  readily  available  in  case  of  need.  We  have  received  a  form  used 
by  this  division,  on  which  it  requires  only  a  very  little  time  to  indicate 
one's  particular  line  of  work,  his  experience  and  the  salary  that  he  desires. 

We  have  been  asked  to  impress  upon  members  of  the  Institute  the 
distinct  advantages  that  come  through  registration.  Filling  out  the 
blank  entitles  an  engineer  to  free  employment  service,  provides  him 
with  direct  contact  with  the  Government,  supplies  him  with  information 
in  regard  to  engineering  affairs,  and  helps  him  to  become  successful  in 
his  profession.  The  Government  wishes  every  technical  man  to  roister, 
so  that  it  may  know  the  strength  and  location  of  the  engineering  reserve. 
It  is  therefore  the  duty  of  every  patriotic  engineer,  whether  he  needs 
a  position  or  not,  to  register  at  once.  Blanks  can  be  obtained  by  ad- 
dressing the  office  above  noted. 


A  MIDSUMMER  MISSION  TO  ENGINEERS 

Between  July  10  and  August  15,  1918,  the  Secretary  of  United 
Engineering  Society,  of  Engineering  Foundation,  and  of  Engineering 
Council  visited  17  cities  which  are  headquarters  for  large  numbers  of 
engineers.  His  mission  was  to  tell  men  in  all  branches  of  the  profession 
about  "Centralized  Activities  of  National  Engineering  Societies." 
Stops  were  made  at  Denver,  Salt  Lake  City,  Reno,  San  Francisco, 
Sacramento,   Portland,   Seattle,   Spokane,   Anaconda,  Butte,  Duluth, 
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St.  Paul,  Minneapolis,  Milwaukee,  Chicago,  Cleveland,  and  Buffalo. 
Everywhere,  the  Secretary  iad  a  cordial  reception,  his  message  was 
listened  to  with  interest,  and  helpful  suggestions  were  gathered.  Many 
men  expressed  astonishment  at  the  extent  of  the  united  activities  of  the 
Founder  Societies,  and  few,  if  any,  had  an  adequate  conception  of  what 
had  been  accomplished. 

Few  persons  were  prepared  to  give  opinions  or  make  suggestions 
at  the  time,  because  knowing  so  little  of  what  had  been  done. .  Little 
faultfinding  was  heard,  and  none  was  important.  Further  opinions  and 
suggestions  are  expected  by  correspondence.  Everywhere  there  was  a 
cheerful  readiness  to  help,  and  a  strong  desire  for  the  local  groups, 
even  at  great  distances  from  New  York,  to  have  larger  and  more  active 
shares  in  the  work,  particularly  in  connection  with  the  war. 

Most  impressive  among  my  observations  were  the  importance  of 
the  local  group  as  a  fundamental  unit  of  organization,  the  strong  ten- 
dency in  local  groups  to  embrace  all  kinds  of  technical  men  in  the  locality, 
the  number  of  engineers  not  in  any  society,  and  the  comparative  weak- 
ness of  engineers  in  many  fields  of  professional  and  public  service  because 
of  their  lack  of  a  complete,  effective,  national  organization  built  up  from 
the  local  groups  and  in  close  cooperation  with  them. 

In  most  of  the  cities  visited,  one  or  more  of  the  Founder  Societies 
have  local  sections.  In  some  places  the  local  societies  and  sections 
have  been  associated  by  some  form  of  organization;  in  other  places  such 
organization  was  in  progress,  and  elsewhere  it  was  desired,  although  a 
method  had  not  yet  been  worked  out. 

Creation  by  the  American  Society  of  Civil  Engineers  of  a  develop- 
ment committee  to  study  thoroughly  matters  of  organization  was 
generally  approved.  More  than  a  few  persons  suggested  that  all  large 
national  societies  should  have  similar  committees,  and  that  in  some 
way  these  committees  should  work  together.  Several  times  the  opinion 
was  voiced  that  there  should  be  but  one  national  engineering  society, 
including  all  professional  engineers.  A  few  men  who  had  given  this 
matter  thought  believed  that  in  such  a  national  society  there  should  be 
two  grades,  Member  and  Junior,  with  provision  for  Associates,  men  who 
are  not  engineers  but  allied  in  their  interests.  Requirements  for  member- 
ship should  be  higher  than  those  of  the  American  Institute  of  Mining 
Engineers,  but  possibly  not  so  exacting  as  those  of  the  American  Society 
of  Civil  Engineers.  Local  societies  suitably  organized  or  reorganized 
should  be  branches  of  the  new  national  society,  but  might  have  a  grade 
of  local  members  for  which  requirements  were  distinctly  lower.  Men 
in  this  lower  grade  would  not  be  members  of  the  national  society,  and 
would  pay  smaller  dues,  for  local  purposes  only. 

Some  agency  to  deal  with  employment  and  other  personnel  matters 
seemed  to  be  desired,  and  preference  appeared  to  be  for  a  central,  organi- 
zation having  branches  in  a  number  of  cities  or  definite  cooperation 
with  the  local  societies.  So  far  as  opinions  were  obtained,  they  advocated 
that  this  function  should  be  performed  by  Engineering  Council,  or  some 
other  subsidiary  of  United  Engineering  Society,  rather  than  by  another 
national  organization,  which  has  sought  to  enter  this  field. 

Almost  everywhere  appreciation  was  expressed  of  the  usefulness  and 
necessity  of  as  complete  registry  of  the  engineers  of  America  as  could 
be  GompUed  at  Headquarters.  Many  local  societies  wanted  copies  of 
their  portions  for  local  uses.     In  many  places  it  was  the  belief  that  this 
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work  oould  best  be  done  through  the  agency  of  the  local  sooieties.  A 
number  of  these  societies  definitely  offered  to  pay  for  a  supply  of  the 
classification  sheets,  to  distribute  them  to  all  engineers  in  their  districts 
(including  those  not  members  of  any  society),  to  collect  these  sheets  and 
forward  them  to  Headquarters;  also  to  assist  in  keeping  the  files  up  to 
date.  A  suggestion  which  met  with  general  endorsement  was  first  made 
in  Seattle.  It  was  to  the  effect  that  three  blank  classification  sheets 
should  be  sent  to  each  engineer,  one  for  Headquarters,  one  for  the  local 
society,  and  the  third  for  the  individuaFs  own  file,  if  desired.  In  general 
it  was  assumed  that  Engineering  Council  would  do  this  work  and  some 
regret  was  expressed  that  greater  progress  had  not  been  made  during 
the  past  year.  Several  local  societies  were  about  to  undertake  fecal 
registration  independently. 

Opinions  about  the  proi)Osed  Engineering  Societies  Journal,  in  the 
few  places  where  expressed,  were  favorable;  indeed,  some  persons  were 
enthusiastic  about  it  and  they  were  among  the  older  men.  It  was  sug- 
gested that  the  engineering  profession  should  have  a  high-class,  non- 
technical journal  in  which  could  be  printed  interesting  news  about  engi- 
neers and  their  current  work,  and  suitably  illustrated  articles  on  engineer- 
ing subjects,  of  high  literary  quality,  so  written  as  to  interest  and  inform 
the  public  as  well  as  engineers;  such  publication  could  be  the  profession's 
own  authoritative  medium  for  the  expression  of  opinions  on  professional 
affairs  and  on  these  public  affairs  in  which  the  profession  is  interested. 
It  was  the  opinion  of  some  that  this  JoumaJ  should  be  supplied  to  mem- 
bers of  each  national  society  as  a  part  return  for  dues,  and  that  much 
of  the  expense  of  publication  would  be  met  by  outside  subscriptions  and 
income  from  advertisements.  The  Jourtud'a  advertising  policy  should 
be  absolutely  independent  of  business  considerations,  and  this  should 
be  unequivocally  maintained  from  the  outset. 

In  two  or  three  places  it  was  suggested  that  United  Engineering  So- 
ciety, either  directly  or  through  Engineering  Council,  should  make  over- 
tures at  this  time  toward  bringing  together  leaders  of  all  important 
national  engineering  societies  (for  example,  the  president  and  secretary 
of  each  such  society)  for  the  purpose  of  determining  a  system  of  local  and 
national  organizations  which  would  satisfactorily  include  all  engineers. 
Frequent  reference  was  made  to  the  type  of  organization  adopted  by  the 
American  Medical  Association. 

It  is  unnecessary  to  burden  this  report  with  a  list  of  the  names  of 
persons  met  in  the  cities  visited,  or  other  details.  With  two  exceptions, 
leaders  of  the  several  branches  of  the  profession  were  met  in  each  city, 
either  individually  or  in  conferences.  The.  Secretary's  message,  or  por- 
tions of  it,  were  printed  in  some  of  the  local  newspapers  and  in  several 
local  and  national  technical  journals.  In  manuscript  form  it  has  been 
sent  to  selected  individuals  in  many  places  not  visited,  so  that  it  has  gone 
to  engineering  groups  in  almost  every  state  of  the  Union. 

In  conclusion,  it  should  be  stated  that  the  visit  was  of  evident  benefit. 
In  several  places,  it  was  remarked  that  by  this  visit  the  distance  between 
the  local  societies  and  Headquarters  in  New  York  had  been  reduced  by  a 
great  many  miles.  With  your  approval,  the  Secretary  proposes  to  make 
other  such  visits  as  opportunities  may  offer,  first  to  those  portions  of 
country  not  yet  visited.  In  no  better  way  can  the  bonds  between  out- 
lying units  and  Headquarters  be  kept  strong. 

Alfred  D.  Flinn^  Secretary. 
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TO  THE  RESC1TE  OF  GOLD  MIIONG  . 

An  "international  gold  conference"  was  held  at  Spokane,  Wash., 
on  Sept.  5, 1918,  under  the  auspices  of  the  Northwest  Mining  Association, 
which  was  attended  by  a  large  number  of  engineers,  mine  operators,  and 
bankers,  representing  the  northwestern  states,  as  well  as  Alaska  and  Brit- 
ish Columbia.  The  principal  subject  under  consideration  was  the  dole- 
ful condition  of  the  gold-mining  industry,  gripped  between  the  diminished 
purchasing  value  of  its  product,  and  the  increased  cost  of  its  operation. 

Two  resolutions  were  adopted  by  the  meeting.  The  first  approved 
the  resolution  adopted  Aug.  12  by  the  American  Gold  Conference,  a 
pennanent  organization  formed  at  Reno,  Nev.,  in  which  it  is  stated  that 
relief  by  the  United  States  to  the  gold  producers  of  this  country  should 
be  made  to  correspond  with  the  increased  cost  of  production,  the  extent 
of  the  relief  to  be  fixed  from  time  to  time  to  meet  changing  conditions. 

The  second  resolution,  adopted  after  serious  and  long-continued 
discussion,  was  introduced  by  F.  A.  Ross,  mining  engineer,  of  Spokane, 
and  a  member  of  the  Institute,  and  was  as  follows: 

WHEREAS,  it  is  now  clearly  understood  and  agreed  by  the  allied  nations  that 
national  gold  reserves  must  be  augmented  without  delay  if  rapidly  expanding  credits 
are  to  be  secured ;  and 

WHEREAS,  at  this  time,  the  production  of  gold  is  daily  decreasing  to  an  alarming 
extent  because  of  well  Imown  conditions  that  render  the  mining  of  gold-bearing  ores 
unprofitable:  and 

WHEREAS  there  is  no  way  by  which  the  mining  of  gold-bearing  ores  may  be 
made  profitable  except  by  the  direct  aid  and  influence  of  the  government;  and 

W^RJBAS  the  government  has  appealed  to  the  mining  industry  for  practical 
information  and  practicable  suggestions  upon  this  subject;  therefore,  be  it 

RESOLVED,  by  the  International  Grold  Conference  of  the  Northwest  Mining 
Association,  assembled  at  Spokane,  Washington,  Sept.  5  and  6,  1918,  and  representing 
Alaska,  British  Columbia,  Washington,  Idaho,  Montana  and  Oregon,  that  the  follow- 
ing topical  suggestions  for  an  improvement  of  the  gold  situation  be  offered  to  the 
authorities,  in  the  hope  and  belief  that  they  will  prove  effective  if  properly  elaborated 
and  applied,  either  singly  or  in  combination,  as  the  case  may  reqmre: 

First. — ^That  the  grant  of  priorit^r  rights  in  the  purchase  and  transportation  of 
materials,  machinery  and  general  mining  supplies  be  enforced,  and  that,  as  far  as 
possible,  such  items  of  expense  as  taxes  and  freight  rates  be  restored  to  pre-war  levels. 

Second. — ^That  the  labor  necessary  to  the  operation  of  nunes  producing  gold- 
bearing  ores  be  assigned  to  them. 

Third. — That  main  lines  of  motor-truck  roads  be  built  from  railroad  points  into  the 
distributing  centers  of  promising  but  commercially  inaccessible  gold  fields;  for 
instance,  such  as  those  of  central  Idaho.  Also,  that  trails  or  wagon-roads,  connecting 
with  these  main  roads,  be  opened  to  promising  camps  in  cases  where  the  routes  thereto 
lie  through  government  reserves. 

Fourth. — That  financial  aid,  or  credit^  be  extended  to  such  individual  properties  as 
may  be  judged  by  government  specialists  to  be  capable  of  producing  appreciable 
quantities  of  gold  or  other  metals  essential  to  the  conduct  of  the  war. 

Fifth. — That  a  bounty  be  paid  upon  every  ounce  of  new  gold  produced  by  the  mines 
of  the  nation,  the  amount  of  which  oounty  shall,  from  time  to  time,  be  determined  by 
the  proper  authorities  to  be  sufficient  to  encourage  the  mining  oi  gold-bearing  ores 
by  iosarin^;  a  reasonable  profit  therein;  the  said  bounty  to  be  considered  a  permissible 
war  expedient  and  exx>ense  that  in  no  way  affects  the  international,  or  standard,  value 
ofgoldL 

RESOLVED,  that  this  International  Conference  approves  the  arguments  and 
general  plan  ouUined  in  the  monograph  entitled,  "The  Proposed  Bounty  on  Gold/' 
which  is  attached  hereto  and  made  a  part  hereof;  and  that  the  same  is  respectfully 
reeommended  to  the  authorities  for  consideration. 

REiSOLVED,  That  copies  of  these  resolutions  be  forwarded  to  the  proper  authori- 
ties at  Washington^  D.  C,  and  Victoria,  B.  C. 
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The  monograph  above  referred  to  as  having  been  approved  by  the 
conference  was  prepared  by  Frank  A.  Ross,  and  reflects  ideas  which  he 
has  been  advocating  for  a  considerable  length  of  time.  The  principal 
features  of  Mr.  Ross'  suggestions  are  indicated  by  the  following  extracts 
from  his  paper. 

The  Proposed  Bounty  on  Gold 

All  new  gold  is  obtained  either  from  true  gold  mines  and  plaoers,  or  from  the  ores 
of  other  metals  in  which  gold  is  considered  a  byproduct;  therefore,  any  bounty  that 
is  offered  for  new  gold  must  apply  equally  to  both  classes  of  gold-bearing  ores  as  well 
as  to  the  products  of  their  reduction. 

There  is  a  vast  difference  between  granting  a  bounty  for  the  production  of  gold  and 
decreeing  an  increase  in  the  standard  value  of  an  ounce  of  gold.  The  former  is  a 
national  affair  while  the  latter  an  international  one  with  which  we  are  in  no  way 
concerned  at  this  time.  Moreover,  the  former  is  permissible  and  practicable,  while 
the  latter  is  fraught  with  dangerous  financial  complications  too  far-reaching  for  con' 
temj^ation^  if  used  as  an  expedient. 

The  objection  is  offered  by  many  that  any  bounty  on  new  gold  would  immediately 
operate  to  cause  the  melting  of  old  gold  in  the  form  of  plate,  jewelry,  and  coin,  for  the 
sake  of  obtaining  the  premium.  Tfis  objection  is  held  to  be  groundless,  for  the  follow- 
ing reasons: 

In  the  first  place,  workmanship  and  successive  profits  accruing  from  their  manu- 
facture and  sale  give  to  gold  plate  and  jewelry  a  market  value  considerably  in  excess  of 
the  value  of  the  gold  contained  in  the  alloys  from  which  they  are  made.  It  is  scarcely 
probable  that  the  bounty  would  be  fixed  at  so  high  a  rate  as  to  tempt  owners  of  such 
articles  to  melt  them  and  then  to  take  the  chance  of  disposing  of  them  as  new  bullion, 
contrary  to  special  statutes  that  may  quickly  be  enacted  to  cover  the  case. 

Agam.  as  to  the  melting  of  coins  there  is  nothing  to  fear  for  two  reasons:  first, 
because  the  practice  of  hoarding  sold  coins  is  not  general  in  this  country,  or  Canada,  as 
it  is  in  other  countries,  for  examine,  in  India.  Consequently,  the  total  amount  of  gold 
from  this  source  that  might  be  offered  fraudulently  as  new  gold  is  probably  very  small. 

But,  granting  that  it  might  possibly  reach  considerable  proportions,  there  is  still 
another  reason  why  this  contingency  is  not  to  be  greatly  feaied^  namely,  the  existence 
of  laws  so  drastic  that  few  would  care  to  run  the  nsk  of  mutilatmg  or  melting  coins  for 
the  sake  of  the  bounty,  even  were  it  possible,  through  connivance,  to  incorporate 
them  with  new  bullion. 

Another  objection  is,  that,  unless  all  other  nations  proclaimed  a  corresponding 
bounty,  the  difference  between  the  actual  cost  of  our  gola  and  the  gold  of  other  coun- 
tries would  operate  against  us  in  the  settlement  of  balances.  However  this  might 
work  out,  it  is  fair  to  assume  that  a  bounty  would  probably  be  accoimted  a  war 
expense,  chargeable  to  profit  and  loss. 

Finally,  the  objection  is  urged  that  foreign  countries  would  send  in  their  gold  and 
claim  the  bounty.  Gold  bullion  does  not  enter  a  foreign  country  except  in  exchange 
for  commodities  and  subject  to  the  surveillance  of  the  authorities  of  that  country;  or 
when  specially  ordered  thereby.  Certainly  no  bo\mty  would  be  paid  on  smuggled 
bullion  under  any  plan  like  that  outlined  below. 

Let  a  bounty  be  granted  on  all  new  gold  produced,  but  under  these,  or  similar, 
conditions : 

1.  That  gold  bullion  and  crude  alloys  containing  gold  shall  be  bought  oidy  upon 
identification  of  their  possessors,  after  a  satisfactory  explanation  as  to  their  origin; 
purchase  to  be  made  at  such  places  as  may  be  designated,  notably  at  the  mint  or  at 
certain  refineries. 

2.  That  applicants  for  bounty  payments  shall  present  properly  certified  settlement- 
sheets  from  the  inint,  or  refinery,  that  bought  their  bullion,  or  crude  alloys;  or  else 
from  the  public  mills  or  smelters  that  bought  their  ores. 

3.  That  all  such  settlement-sheets  of  the  public  mills,  smelters  or  refineries  shall  be 
officially;  certified  by  Government  Inspectors  of  Ore  Shipments. 

A  brief  consideration  of  the  above  outUne  will  show  that  when  these  precautionary 
measures  have  been  carefully  worked  out  in  detail  they  will  cover  every  case  that  may 
arise,  without  introducing  burdensome  complications. 

In  safeguarding  a  bounty  grant,  Congress  may  quickly  en&ct  statutes  heavily 
penalizing  the  sale  or  delivery  of  gold  bullion,  or  crude  alloyB  containing  gold,  to  any 
person,  firm  or  corporation,  whether  public  or  private,  except  such  as  may  be  author- 
ized to  receive  it,  under  stringent  regulations  as  to  identification  and  origin.    Thus 
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it  should  be  eaay  to  safeguard  gold  to  such  an  extent  that  the  mere  possession  of  it  in 
the  form  of  a  refined  bar,  or  crude  allov,  would  call  either  for  a  satisfactory  explanation 
or  for  the  arrest  and  conviction  of  the  person  holding  it,  thereby  reducing  the  pro- 
bability of  fraud  to  a  minimum. 

Government  Inspector  of  Ore  Shipmenls 

It  will  be  noted  that  in  suggestion  (3)  above,  mention  is  made  of  a  Government 
Inspector  of  Ore  Shipments. 

Since  a  large  proportion  of  gold  is  produced  as  a  byproduct  of  the  ores  of  other 
metals,  and  because  this  fact  appears  to  have  somewhat  confused  the  question  of  a 
bounty  on  new  gold,  the  idea  of  creating  the  office  of  Government  Inspector  of  Ore 
Shipments  is  advanced  as  a  practical  solution  of  the  problem. 

Although  this  innovation  is  now  proposed  solely  as  a  war  measure,  calculated  to 
increase  the  production  of  gold  by  immensely  bettenng  the  entire  mining  situation,  yet 
it  is,  in  fact,  a  step  toward  governmental  supervision  of  public  mills,  smelters  and  refin- 
eries, but  it  is  not  in  any  sense  intended  as  an  indorsement  of  government  ownership  or 
control.  The  former  may  prove  a  progressive  step  of  incalculable  value;  the  latter 
might  result  disastrously. 

It  is  axiomatic  that  every  shipper  of  ore  to  a  public  mill,  smelter  or  other  reduction 
plant,  is  entitled  to  personal  representation  while  his  ores  are  being  valued  by  the 
.critical  process  of  weighing,  crushing,  sampling  and  assaying.  Heretofore,  the  heavy 
shippers  alone  could  afiford  to  empToy  representatives  to  supervise  this  process  and 
guard  their  interests;  the  small  shipper,  with  few  exceptions,  is  forced  to  forego  this 
protection. 

Nothing  herein  contained  is  to  be  construed  as  an  arraignment  of  the  commercial 
methods  of  public  miUs,  smelters  or  refineries,  yet  it  is  behoved  to  be  a  fact  that  by  far 
the  greater  part  of  popular  distrust  of  such  plants,  and  of  the  bitter  a^tation  against 
them,  has  always  been  due  to  this  lack  of  personal  representation  during  the  critical 
process  of  sampling. 

The  unrepresented  mining  public  has  come  to  the  belief  and  even  conviction,  that 
it  often  fails  to  receive  its  just  due  at  the  hands  of  those  to  whom  it  consigns  its 
valuable  ores  unchecked;  and  no  power  on  earth,  perhaps,  short  of  the  government 
itself,  can  now  change  that  conviction. 

Bein^  forced  to  ship  their  ores  on  trust,  and  compelled  to  accept  the  sampling  of 
the  consignees,  shippers  are  very  naturally  left  in  doubt  on  the  question  of  fair  treat- 
ment; and  doubt  nearly  always  breeds  suspicion  and  deep  resentment.  But  once 
let  confidence  be  restored  by  the  seal  of  government,  wisely  impressed,  not  only 
must  suspicion  and  resentment  vanish  but  a  fresh  impetus  will  also  be  ^ven  to  mining 
in  general;  for  it  is  perhaps  no  exaggeration  to  state  that  the  inability  to  employ 
either  a  personal  representative  at  the  public  plants,  or  a  private  assayer  and  chemist 
to  check  thein,  discourages  development  to  a  considerable  extent. 

Now,  having  briefly  diagnosed  the  complaint,  let  us  consider  a  potential  remedy  in 
the  following  outlined  plan : 

Let  competent  assayers  and  chemists,  experienced  in  the  proper  methods  of 
sampline  and  valuing  ores,  be  sworn,  commissioned  and  assigned  to  the  relatively  few 
public  plants  receiving  and  buying  gold-bearing  ores  or  crude  alloys  containing  gold. 

Let  these  uniformed  officials  fiear  a  title,  say,  of  "Government  Inspector  of  Ore 
Shipments,"  representing  the  shipper  only,  and  give  them  assistants  necessary  to  a 
personal  supervision  of  the  weighmg,  moisture  determination,  crushing,  sampling  and 
assiying  of  eveiy  lot  of  ore  consigned  to  the  plants  to  which  they  are  assigned;  super- 
vising the  sampung  and  assaying  in  the  case  of  crude  alloys. 

Let  these  Inspectors  have  such  definite  or  discretionary  powers  as  will  enable  them 
to  protect  the  best  interests  of  the  shippers,  following  the  same  general  procedure 
adopted  by  the  personal  representatives  of  the  heavy  shippers. 

Let  these  Inspectors  certify  to  every  settlement-sheet  remitted  to  the  shipper, 
stating  that  they,  or  their  sworn  assistants,  are  satisfied  with  the  same. 

Having  received  this  certified  settlement-sheet,  let  the  shipper  now  present  it  to  the 
proper  department  for  payment  of  the  bounty  due  upon  the  net  gold  valine*  of  his  ores, 
or  crude  alloys  containing  gold,  as  shown  by  the  said  sheet. 

Privately  owned  and  operated  placers,  stamp  mills,  cyanide  plants,  smelters  or 
other  plants  and  properties  producing  gold  bullion  acceptable  at  the  mint,  would 
present  the  mint  certificates  tnemselves  as  a  claim  for  the  bounty. 

Public  smelters  and  other  plants  that  also  treat  their  own  ores,  or  products,  would 

^That  is:  "Gross  ouncee  less  percentage  deduction  for  loss'' — generally  about 
5  per  cent. 
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render  duplicate  settlement-eheets  to  a  eovenunent  accounting  office,  includini^ 
settlements  for  their  own  ores;  or.  they  might  be  permitted  to  collect  bounty  periodi- 
cally on  the  difference  between  tne  value  of  all  the  gold  they  turn  over  to  the  mint 
and  the  bounty  due,  or  paid,  upon  the  custom  ores  treated  in  the  same  period.  Such 
matters  as  these  may  be  left  to  those  that  would  be  commissioned  to  work  out  the 
details  of  the  system,  but  they  do  not  offer  insurmountable  difficulties,  as  far  as  can 
be  foreseen. 

In  this  way,  no  bounty  would  be  paid  to  anyone  except  to  the  one  for  whose  en- 
couragement it  was  granted ;  that  is  to  say,  to  the  miner  himself -;-to  the  original  pro- 
ducer of  gold,  whether  it  be  an  individual  or  a  corporation,  public  or  private. 

If  the  above  outlined  plan  were  to  be  carefully  elaborated,  there  is  reason  to  beKcve 
that  it  would  prove  unexpectedly  simple,  satisfactory,  effective  and  relatively  in- 
expensive. The  gross  e^mense  to  the  government  would  undoubtedly  be  insignificant 
coinpared  with  the  benefits  conferred  and  received. 

Li  fact,  such  a  plan  for  the  regulation  of  a  bounty  on  new  gold,  taken  in  connection 
with  the  betterment  of  all  other  conditions  that  now  render  the  mining  of  gold-beanng 
ores  unprofitable,  would  doubtless  not  only  result  in  a  pronounced  increase  in  gola 
production  but  it  would,  in  all  probability,  bring  about  beneficial  results  not  now 
foreseen  which  would  necessarily  follow  an  increase  of  confidence  in  the  mining 
industry. 

Finally,  as  to  the  probable  attitude  on  this  question,  of  the  public  mills,  smelters 
and  refineries  themselves,  it  is  inconceivable  that  any  objection  should  be  offered  to 
so  reasonable  an  arrangement,  in  view  of  its  justice  and  also  of  the  direct  benefit  to 
themselves  to  be  gained  by  a  much  better  business  relation  to  the  mining  public. 


DULUTH  ENGINEERS'  CLUB 

The  Duluth  Engineers'  Club  was  formally  organized  on  the  evening 
of  Aug.  5,  1918,  at  a  meeting  attended  by  over  100  members  of  the 
several  engineering  professions.  W.  G.  Swart,  a  member  of  our  In- 
stitute, was  elected  the  first  President  of  the  Club.  At  the  organization 
meeting,  an  opportunity  was  given  to  Alfred  D.  Flinn,  Secretary  of  the. 
United  Engineering  Society,  to  outline  the  assistance  that  is  being 
rendered  to  the  Federal  Government  in  the  present  contingency  by 
members  of  the  engineering  profession.  Membership  in  the  Duluth 
Club  is  to  be  open  to  mining  engineers  on  the  iron  ranges  as  well  as  to 
the  residents  of  the  city  of  Duluth. 


TRANSACTIONS 


We  regret  to  advise  that,  owing  to  unusual  pressure  of  business  at 
our  printers,  Volume  lilX  will  not  be  ready  for  distribution  ro  early  as 
was  announced  in  the  last  Bulletin.  It  wUl  probably  be  distributed  in 
November. 

Volumes  LVII  and  LVIII  were  mailed  during  the  month  of  August 
to  all  members  whose  dues  were  paid  on  Aug.  1;  members  who  failed 
to  receive  their  Transactions  within  a  reasonable  time  are  requested  to 
notify  the  Secretary.  In  the  case  of  members  who  have  recently  changed 
their  addresses,  the  Transactions  were  sent  to  addresses  on  record  on 
Aug.  19;  those  who  did  not  notify  us  of  change  of  address  until  after 
Aug.  19  will  find  their  Transactions  at  the  old  address. 
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PERSONAL 

The  following  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  Aug.  10,  1918  to  Sept. 
10,  1918. 

Amil  A.  Anderson,  Hill  City,  S.  D.  A.  A.  HoUand. 

H.  G.  S.  Anderson,  Hurley,  N.  M.  Paul  S.  King,  Wilmington,  Del. 

Louis  A.  Barton,  Capt.,  Engineers,  U.  S.  A.  Herbert  G.  Officer,  mushington,  D.  C. 

E.  Baumgarten,  1st  Lieut.,  U.  S.  R.  A.  B.  Parsons. 

Charles  W.  Boise,  Belgian  Congo.  Robert  R.  Pollock,  San  Francisco,  Cal. 

Henry  C.  Carlisle,  The  Pas,  Manitoba.  Frank  A.  Smith,  Edgewood,  Md. 

J.  Ross  Corbin,  Boyertqwn,  Pa.  Edward  C.  Thompson,  Kennett,  Cal. 

S.  Le  Fevre,  Forest  Glen,  N.  Y.  Malcolm  M.  Thompson,  Morsemere,  N.  J. 

Harold  P.  Ford,  Cleveland,  O.  Lester  C.  Uren,  Berkeley,  Cal. 

WiUiam  L.  Hogg,  Waynesboro,  Va. 

Harold  W.  Aldrich  has  been  appointed  assistant  general  superin- 
tendent of  the  Inspiration  Consolidated  Copper  Co.  at  Inspiration,  Ariz. 

Capt.  Percy  E.  Barbour,  formerly  with  the  New  York  State  Troopers, 
has  been  granted  a  leave  of  absence  from  the  Department  for  the  period 
of  the  war,  by  the  Governor,  and  has  been  appointed  Captain  in  the 
Engineer  Corps,  U.  S.  A.  He  served  on  the  Mexican  border  in  the  New 
York  State  National  Guard. 

A.  C.  Barke,  formerly  with  the  United  States  Smelting,  Refining 
and  Mining  Exploration  Co.,  has  accepted  a  position  with  the  United 
States  Fuel  Co.  at  Salt  Lake  City,  Utah. 

H.  C.  Bellingeri  general  manager  of  the  Chile  Exploration  Co.,  has 
recently  returned  from  Chile. 

R.  W.  Brock,  who  has  been  in  England  for  the  last  two  years  on 
military  duty,  has  been  chosen  by  the  Imperial  authorities  as  geologist 
with  the  British  Army  in  Palestine,  and  has  been  instructed  to  proceed 
to  the  Holy  Land  to  take  up  his  new  duties  there.  Mr.  Brock  was 
until  recently  dean  of  the  faculty  of  applied  science  at  the  University 
of  British  Columbia. 

Forrest  B.  Caldwelli  of  the  California  State  Bureau  of  Mines  has 
arrived  at  Medford,  Cal.,  as  the  representative  of  the  U.  S.  Bureau 
of  Mines,  to  examine  the  chrome  deposits  in  Jackson  County,  after 
having  completed  a  similar  survey  in  Siskiyou  County. 

Jerome  A.  Chevalier,  formerly  geologist  for  the  Carter  Oil  Co. 
and  recently  engaged  in  consulting  work  at  Muskogee,  Okla.,  has  accepted 
a  position  with  Mr.  J.  Edgar  Pew  of  the  Sun  Co.,  with  headquarters 
at  Mineral  WeUs,  Tex. 

Samuel  W.  Cohen  has  returned  to  Montreal  after  a  month's  tour 
of  inspection  of  mining  properties  in  Northern  Ontario,  Nevada,  and 
Colorado. 

8.  K.  Dahl,  mill  superintendent  for  the  Messina  (Transvaal)  Devel- 
opment Co.,  Ltd.,  Zoutpansberg,  South  Africa,  until  the  closing  down  of 
the  property,  has  severed  his  connection  with  the  company  and  will 
return  to  the  United  States. 

Joseph  Daniels  is  now  with  the  S.  E.  Junkins  Co.,  Ltd.,  at  Van- 
couver, B.  C,  Canada. 

Algernon  Del  Mar  is  now  manager  of  the  Techatticup  mines,  El 
Dorado  Canyon,  Nev. 

Gustavus  A.  Duncan  has  been  appointed  general  manager  of  the 
Eldorado-Flagstaflf  Mining  and  Milling  Co.,  at  Nelson,  Nev. 
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F.  N.  Fl]nm,  general  superintendent  of  the  smelting  and  refining 
departments  of  the  Consolidated  Mining  and  Smelting  Co.  of  Canada, 
Ltd.,  at  Trail,  British  Columbia,  has  resigned.  MaO  addressed  care 
of  the  American  Institute  of  Mining  Engineers,  New  York  City,  will  be 
forwarded. 

Waldemar  F.  Henniger  has  returned  from  Tampico,  Mexico^  and  is 
at  present  in  the  employ  of  the  Gulf  Production  Co.  at  Fort  Worth,  Tex. 

Thomas  F.  Higgins  has  severed  his  connection  with  the  Nichols 
Copper  Co.  of  Laurel  Hill,  L.  I.  and  has  accepted  a  position  with  the 
American  Smelting  and  Refining  Co.  at  Caldera,  Chile,  8.  A. 

Jacob  M  Holt,  formerly  connected  with  the  Colonial  Collieries 
Co.  at  Natalie,  Pa.,  has  now  accepted  a  position  with  the  Thomas 
Colliery  Co.  at  Shenandoah,  Pa. 

K.  K.  Hood  has  accepted  a  position  with  the  American  Zinc,  Lead 
and  Smelting  Co.  at  Carterville,  Mo. 

Herbert  C.  Hoover  has  paid  a  visit  to  the  American  battle  front. 
Among  the  places  he  visited  was  Belleau  Wood. 

J.  N.  Houser,  Vice-president  and  manager  of  mines  of  the  American 
Zinc,  Lead  and  Smelting  Co.  at  St.  Louis,  Mo.,  is  now  connected  with 
the  American  Zinc  Co.  of  Tennessee  at  Mascot,  Tenn. 

Lee  O.  Kellogg  has  returned  from  Ecuador.  His  address  is:  South 
American  Development  Co.,  15  Broad  Street,  New  York  City. 

Hugh  B.  Lee,  who  was  acting  manager  of  the  Porcupine  Crown  mines, 
which  have  closed  down,  has  accepted  the  position  of  general  super- 
intendent of  the  Chrome  mines  of  the  Mutual  Chemical  Co.  of  Canada 
Ltd.,  under^Dorr  Co.  management. 

J.  F.  Linthicum  has  resigned  his  position  as  chief  chemist  of  the 
No.  2  Works,  Aluminum  Ore  Co.,  East  St.  Louis,  111. 

O.  McCraney  has  resigned  as  general  superintendent  of  the  White 
Caps  Mining  Co.  to  undertake  the  superintendence  of  the  Belmont 
Shawmut  Mining  Co.  at  Shawmut,  Cal. 

J.  N.  Mahoney,  for  12  years  a  member  of  the  engineering  department 
of  the  Westinghouse  Electric  and  Manufacturing  Co.,  has  tendered 
his  resignation  and  intends  to  open  consulting  offices  in  New  York  City. 

Dentaro  Matsuzawa  is  now  chief  of  producing  department  of  the 
Nippon  Oil  Co.,  Marunouchi,  Tokyo,  Japan. 

John  T.  Morrow  has  been  appointed  chief  engineer  of  the  Marlin- 
Rockwell  Loading  Co.,  Agent,  Wilmington,  Del. 

John  F.  Murphy,  formerly  assistant  professor  of  mining  at  the  School 
of  Mines,  University  of  Minnesota,  is  now  employed  at  the  Draper 
mine,  Calumet,  Minn. 

George  A.  Packard  has  returned  to  his  office  at  60  Congress  Street, 
Boston,  Mass.,  after  having  been  absent  on  consulting  work  in  the  West 
for  five  months. 

Irving  C.  Purington  is  now  employed  with  the  United  Verde  Copper 
Co.,  at  Clarkdale,  Ariz. 

Henry  D.  G.  Reynolds  has  just  returned  from  the  Altai  District 
of  Siberia,  having  been  at  the  properties  of  the  Irtysh  Corporation,  Ltd., 
of  London. 

Forest  Rutherford,  consulting  engineer,  is  in  Colorado  making  an 
examination  of  some  large  mining  properties. 

Charles  A.  H.  de  Saulles  is  now  general  manager  of  the  American 
Smelting  and  Refining  Co.  at  Denver,  Colo. 
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W.  C.  Schmidti  formerly  townsite  engineer  with  the  Consolidated 
Arizona  Smelting  Co.  at  Humboldt,  Ariz.,  is  now  mining  engineer  with 
the  same  company  at  the  Bluebell  mine,  Mayer,  Ariz. 

Prof.  Theodore  SimonSi  of  the  Montana  State  School  of  Mines, 
has  returned  to  Butte  from  a  two-weeks'  visit  to  Philipsburg,  Mont., 
where  he  investigated  the  manganese  mining  and  milling  problems  of  the 
district  for  the  U.  S.  Bureau  of  Mines. 

O.  W.  Steele  is  now  employed  with  the  Burro  Mountain  Copper  Co. 
at  Tyrone,  N.  M. 

Hubert  N.  Stronck  is  how  chief  of  operations  with  the  Kenfield- 
Lamoreaux  Co.  at  Chicago,  111. 

W.  G.  Swart  was  elected  President  of  the  Duluth  Engineers'  Club, 
at  its  organization  meeting  on  August  5,  1918. 

Frank  W.  Tickner  is  employed  with  the  Frontier  Brass  Foundry, 
at  Niagara  Falls,  N.  Y. 

A.  A.  Turner  has  severed  his  connection  with  the  Goldstone  Mining 
and  Daggett  Reduction  Companies. 

Frederick  A.  Weymouth,  formerly  with  the  Maryland  Steel  Co., 
has  accepted  a  position  as  sales  metallurgist  with  the  Bethlehem  Steel 
Co.,  South  Bethlehem,  Pa. 

W.  W.  Wishon,  of  Searchlight,  Nev.,  is  making  some  examinations 
in  Montana  for  Los  Angeles  and  Montana  interests. 


POSITIONS  VACANT 

No.  345. — Assayer.  A  man  35  years  old,  or  over,  experienced  in 
general  mineral  assaying,  particularly  of  tin  and  tungsten  ores.  To  locate 
in  Bolivia  with  a  strongly  established  house. 

No.  346. — ^A  firm  of  consulting  and  managing  engineers,  having  charge 
of  certain  coal-mine  properties  in  Illinois,  requires  the  services  of  the 
following: 

(a)  Mine  transitman,  who  has  had  underground  experience  and  is 
capable  of  making  accurate  surveys.     Salary  $150  per  month  to  start. 

(6)  Mining  engineer,  possessing  strong  personality,  and  experienced 
both  in  surface  and  underground  work,  who  is  capable  of  taking  com- 
plete charge  of  several  coal  properties.     Salary  $175  per  month. 

(c)  Four  rodmen  for  mine  surveying.     Salary  $85  per  month  to  start. 

Candidates  for  the  above  positions  should  be  able  to  report  to  the 
company's  IlUnois  ofiice  at  once. 

No.  347. — A  South  African  development  company  will  shortly  re- 
quire the  services  of  a  mill  superintendent,  who  has  a  general  knowledge 
of  concentration,  particularly  of  flotation,  and  is  able  to  take  charge  of  a 
copper  concentrator  treating  15,000  tons  per  month  and  employing 
200  natives  and  a  small  number  of  white  men. 

Salary  is  £60  per  month  to  start,  and  the  company  supplies  an  un- 
furnished room  or  house,  including  free  light,  free  water  and  free  sanitary 
service,  together  with  one  native  house  servant.  A  contract  will  be  made 
for  six  months,  and  notice  of  three  months  by  either  party  will  be  required 
to  terminate  the  engagement  after  six  months.  An  allowance  of  £75 
for  travelling  expenses  wiU  be  paid  on  arrival  in  South  Africa  to  a  single 
man,  or  £125  to  a  man  who  brings  his  family.     Salary  begins  upon  arrival 
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in  South  Africa,  and  no  allowance  will  be  made  for  return  travellisg  ex* 
penses.  Information  as  to  the  general  climatic  and  other  conditions  can 
be  obtained  upon  appUcation  to  the  Secretary. 

No.  348. — ^A  prominent  Canadian  mining  company  desires  an  engineer 
experienced  in  underground  surveying,  draughting,  making  estimates, 
etc.,  the  usual  duties  of  an  engineer  at  a  mine.  Salary  $125  to  $150  de- 
pending on  qualifications.    Single  man  preferred. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

No.  484. — A  mining  engineer  and  geologist  of  long  and  varied  expe- 
rience in  North  and  South  America  is  open  for  an  engagement.  Explora- 
tion and  development  work  preferred.    Rare  minerals  a  specialty. 

No.  485. — Member,  mining  engineer,  technical  graduate,  married, 
age  28,  exempt,  with  9  years  experience  at  gold  and  silver,  copper,  lead, 
and  coal  mines,  4  years  with  present  employers,  is  open  for  engagement 
as  mine  superintendent  or  foreman,  or  in  charge  of  cyanide  plant.  Boston 
or  New  York  interview  after  Oct.  10.  Present  position,  day  foreman  at 
producing  gold-silver  mine  in  Montana.    References. 

No.  486. — Member,  age  34,  married,  varied  experience  in  iron,  copper, 
nickel,  talc,  etc.,  principally  as  surveyor,  mine  and  surface  geologist,  and 
superintendent  of  explorations,  is  open  for  engagement.  Preference,  con- 
nection with  some  eastern  consulting  engineer  or  firm  of  engineers. 

No.  487. — Member,  mine  superintendent,  18  years'  experience  in  the 
West  and  in  the  Lake  Superior  districts.  Thorough  business  and  tech- 
nical training.    Personal  interview,  preferably  Chicago. 

No.  488. — Mining  engineer,  member,  technical  graduate,  married, 
age  38,  desires  position  of  superintendent  or  assistant  superintendent. 
Has  had  1 5  years'  practical  experience  as  miner,  millman,  machinist,  sur- 
veyor, engineer,  foreman,  and  superintendent  in  the  West,  Southwest, 
and  Mexico.  Speaks  Spanish.  Now  employed  as  superintendent  of 
copper  property  in  Southwest.  Can  give  the  best  of  references.  Mini- 
mum salary  $250.    Available  after  Sept.  1. 

No.  489. — Experienced  mining  engineer  now  in  responsible  position 
in  South  America  desires  change  to  United  States  or  other  favorable 
locality.  Successful  experience  in  management  of  mining  and  metal- 
lurgical enterprises. 

No.  490. — Member,  technical  graduate,  age  38,  married,  desires 
position  as  manager  or  superintendent.  Experience  covers  14  years  of 
mining,  cyaniding,  concentration,  flotation,  etc.,  with  8  years  in  admin- 
istrative positions.    Fluent  Spanish;  references.    Employed  at  present. 


American  iNSTiTxrrB  of  MiNma  Enoinekrs  •  Iv 

LIBRARY 

» 

American  Society  of  Civil  Engineers 
American  Inbtitxtte  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

Harrison  W.  Graver,  Director 

The  library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  p.  H.  except  on  holidays.  It  contains  about  70,000  volumes  and  90,- 
OOO  pamphlets,  including  sets  of  technical  periodicals  and  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching*  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Library  Accessions 

Alabama.     Coal    Mines.     Annual    Report.     1917.     Birmingham,    1917.     (Gift   of 

Chief  Mine  Inspector.) 
Amebicak  Electbochbmical  Society  Transactions.     Vol.  32.     Bethlehem,  Pa., 

1918. 
American  Wood  Preservers'  Association.     Report  of  Proceedings  14th  Annual 

Meeting,  1918.     (Gift  of  Association.) 
Blasters'  Handbook.     Wilmington,  1918.     (Gift  of  E.  I.  du  Pont  de  Nemours 

k  Co.)  ... 
Brazil.     Ministerio  da  Agricultura,  Industria  &  Commercio.     Boletim  do.     Anno 

V.  No.  1.     Rio  de  Janeiro,  1916.     Geologia.     Annexe  No.  1.     Rio  de  Janeiro, 

1915.  Monographias.  Volume  I.  Rio  de  Janeiro,  1913.  Regiofies  car- 
boniferas  dos  Estados  do  Sul  pelo  Geologo  Euzebio  Paulo  de  Oliveira,  1918. 
Servico  Geologico  e  Mineralogico  do  Brasil.     Rio  de  Janeiro,  1916. 

Canada,  Mineral  Production  op,  During  the  Calendar   Year  14th  Annual 

Report.     Ottawa,  1918. 
(3oNCRETE  CoNSTi^CTiON,  ARTICLES  On.     Portland  Cement  Association,  Magazine 

Ust,  May,  1918.     (Gift  of  Association.) 
French-English  Military  Technical  Dictionary,  with  a  Supplement  Contain- 

iNo  Recent  Military  a2«)  Technical  Terms.     By  C.  DeWitt  Willcox.     New 

York,  1917. 
Fuel  Facts.     August  1,  1918.     (Gift  of  U.  S.  Fuel  Administration.) 
Creat  Britain.     Department  of  Scientific  and  Industrial  Research.     Report  on  the 

sources  and  production  of  iron  and  other  metalliferous  ores  used  in  the  iron  and 

steel  industry.    London,  1918. 
,  Report  of  the  Committee  of  the  Privy  Council,  1915-16,  1916-17.    London, 

1916,  1917. 

J  Report  of  the  fuel  research  board  on  their  scheme  of  research  and  on  the 

establishment  of  a  fuel  research  station.    London,  1917. 
,  Industrial  research  in  the  United  States  oi  America.     (Science  and  Industry, 

No.  l.)_  London,  1917.     (Gift  of  Great  Britain  Department  of  Scientific  ana 

Industrial  Research.) 


Ivi  •  Monthly  Bulletin  No.  142,  October,  1918 

Institute  of  Metals.    Journal,  vol.  XIX,  No.  1.    London,  1918. 

Limes,  Hydraulic  Cements  and  Mortabs,  Practical  Treatise  on.  By  Q.  A. 
Gillmore.     New  York.  1863.     (Gift  of  John  T.  Whistler.) 

Maximum  Base  Prices  Differentials  and  Extras  on  Iron,  Steel  and  Non- 
ferrous  Products,  fixed  Direct  by  the  Government  and  Through  Recom- 
mendation OF  American  Iron  and  Steel  Institute.  Cleveland,  1918.  (Gift 
of  Penton  Publishing  Co.) 

Metallurgical  Study  of  the  Steel  Base  as  Related  to  Galvanizing.  By  G.  A. 
White.     Buffalo.     (Gift  of  Matthews-Northrup  Works.) 

Mining  Engineers'  Handbook.     By  Robert  Peele.     New  York,  1918. 

Oil  Industry,  The  Necessity  for  Government  Control  of.  By  M.  L.  Requa. 
Address  delivered  July  22,  1918.     (Gift  of  U.  S.  Fuel  Administration.) 

Profit  Sharing,  Its  Principles  and  Practice.  By  A.  W.  Burritt  and  others. 
New  York,  1918. 

Pyrites  Deposits  of  Georgia,  Preliminary  Report  on  a  Part  of.  (GcorKia 
Geological  Survey,  BvUelin  No.  33.)     Atlanta,  1918. 

Red  Cross  Institute  for  Crippled  and  Disabled  Men.  Provision  for  voca- 
tional re-education  of  disabled  soldiers  in  France.     (Publication  No.  14.) 

,  Provision  for  War  Cripples  in  Germany.     (Publication  No.  13.) 

,  Provision  for  War  Cripples  in  Italy.     (Publication  No.  12.)     (Gift  (rf 

Red  Cross  Institute  for  Crippled  and  Disabled  Men.) 

U.  S.  Tariff  Commission.  Outline  of  its  work  and  plans.  Dec,  1917.  Wash- 
ington, 1917.     (Gift  of  U.  S.  Tariff  Commission.) 

West  Virginia.  County  Reports.  Barbour  and  Upshur  counties  and  western 
portion  of  Randolph  County,  with  maps.     Wheeling,  1918. 

Book  Notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers. 
The  Institute  does  not  assume  responsibility  for  any  statements  made;  these  are  taken 
from  the  preface  or  the  text  of  the  book,  unless  otherwise  noted. 

Bridges.     A  Handbook  for  the  Use  of  Those  Interested  in  the  Construction  of  Short- 
span  Bridges.     By  John  W.  and  Edward  D.  Storrs,  Concord,  N.  H.  (the  authors), 
1918.     40  illus.,  20  tab.,  7X4  in.,  flexible  cloth,  $1. 
A  small  pocketbook  containing  designs  and  methods  of  construction  of  sniall 
highway  bricfges,  culverts,  etc.     Intended  to  assist  men  without  engineering  training 
in  the  construction  of  sucn  structures. 

Chemical  Control  of  Gas  Manufacture.  Practical  Instruction  in  Gas  Works 
Chemistry  for  Superintendents,  Foremen  and  Chemists.  Part  I.  Practical 
Application.  By  W.  M.  Russell.  Part  II.  Elementary  Chemical  Theory- 
By  F.  Wills.  N.  Y.,  The  Gas  Age,  1916.  162  pp.,  47  lUus.,  1  pi.,  18  tab., 
8X5  in.,  cloth,  $1.50. 
Devoted  to  a  discussion  of  the  methods  for  controlling  gas  works  processes  by 

the  use  of  chemistry,  giving  the  most  recent  and  reliable  tests  and  analyses  and 

explaining  the  methods  used.     Adapted  to  the  requirements  of  the  men  in  the  smaller 

plants. 

A  Handbook  of  Briquetting.  By  G.  Franke,  trans,  by  Fred  C.  A.  H.  Lantsberry. 
Vol.  II.  Briquetting  of  Ores,  Metallurgical  Products,  Metal  Swarf  and  Similar 
Materials,  Including  Agglomeration.  L<>nd..  Charles  Griffin  &  Co.,  Ltd.,  Phila., 
J.  B.  Lippincott  Co.,  1918.  11+214  pp.  79iilus.,  4  folded  pi.,  14  tab.,  9  X  6in., 
cloth,     (Gift  of  J.  B.  Lippincott  Co.) 

Describes  the  various  materials  briquetted,  methods  of  briquetting  and  agglomera- 
tion, preparation  of  material,  compression  and  subsequent  treatment  of  briquets. 
A  number  of  complete  briquetting  and  agglomeration  plants  in  Germany  and  Austria 
shown  in  detail.     Appendices  to  volumes  1  and  2  are  included. 

Handbook  of  Mathematics  for  Engineers.     By  Edward  V.  Huntin^n,  with 
Tables  of  Weights  and  Measures  By  Louis  A.  Fischer.     Reprint  of  Sections  1  and 
2  of  L.  S.  Mark's  *' Mechanical  Engineers'  Handbook."     1st  ed.  N.  Y.,  McGraw- 
Hill  Book  Co.,  Inc. ;  London,  Hill  Pub.  Co.,  Ltd.,  1918.     191  pp.,  illus.,  tab., 
7X5  in.,  flexible  cloth.     $1.50. 
Designed  to  supply,  in  compact  form,  accurate  statements  of  those  facts  and 
formulas  of  pure  mathematics  which  are  most  likely  to  be  of  use  to  the  worker  in 
applied  mattiematics.     Reprinted  from  Mark's  Mechanical  Engineers'  Handbook. 
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Htdraulic  and  Placer  Mining.     By  Eugene   B.   Wilson.   3d  ed.,  thoroughly 
revised.     N.  Y.,  John  Wiley  &  Sons.,  Inc.;  Lond.,  Chapman  &  HaU,  Ltd.,  1918. 
425  pp.,  illus.,  1  pL,  20  tab.,  8X5  in.,  cloth,  S3. 
The  third  edition  contains  much  additional  information  intended  to  brin^  the 

work  up  abreast  of  the  latest  improvements  in  this  industry.     The  book  is  designed 

to  appeal  not  only  to  those  actually  engaged  in  placer  mining  but  also  to  those  who 

wish  to  get  the  latest  idfias  on  the  subject. 

MxTNiciPAii  HousECLEANiNG.     The  Mcthods  and  Experiences  of  American  Cities  in 

Collecting  and  Disposing  of  their  Municipal  Wastes — ^Ashes,  Rubbish,  Grarbage, 

Manure,  Sewage,  and  Street  Refuse.    By  William  Parr  Capes  and  Jeanne 

Daniels  Carpenter,  with  an  introduction  by  Cornelius  F.  Bums.     N.  Y.,  E.  P. 

Dutton  &  Co.,  1918.     20  +  232  pp.,  16  tab.  (2  folded)  10  X  6  in.,  cloth,  $6. 

Designed  to  furnish  the  information  needed  by  those  who  are  interested  in  the 

problems  of  the  collection,  care  and  disposal  of  municipal  wastes.    Also  takes  up  the 

need  for  more  efficient  management  and  for  the  development  of  revenue-producing 

by-products.     Intended  to  help  public  officials  in  selecting  and  operating  tne  system 

best  adapted  to  local  conditions,  and  also  to  serve  as  a  guide  to  the  layman  who  wishes 

to  inform  himself  about  the  methods  of  municipal  housecleaning. 

Steam  Engines.    A  Thorough  and  Practical  Presentation  of  Modem  Steam  Engine 
Practice.     By  Llewellyn  V.  Ludy,  Chic,  American  Technical  Society,  1917. 
192  pp.,  103  lUus.,  1  pi.,  8  tab.,  8  X  6  in.,  $1. 
Treats  of  the  theory  and  constmction  of  various  types  of  steam  en^es,  and  of 

their  purchase,  operation  and  testing.     A  non-mathematical  treatise  intended  for 

stationary  engineers  and  particularly  adapted  for  home  study. 

Water  Rights  Determination.     From  an  Engineering  Standpoint.     By  Jay  M. 

Whitham.     1st  ed.     N.  Y.,  John  Wiley  &  ifens,  Inc.;Lond.,  Chapman  &  Hall, 

Ltd.,  1918.     12  +  201  pp.,  tab.,  9X6  in.,  cloth,  $2  50. 

Intended  to  assist  an  owner  of  an  indefinite  water  right  in  determining  the  meaning 
of  his  right  as  expressed  in  horsepowers,  and  the  number  of  cubic  feet  of  water  per 
second  to  which  he  is  entitled.  Gives  citations  from  representative  writings  and 
presents  many  tests  and  power  determinations  used  by  the  author.  A  bibb'ography  is 
included. 

FORTHCOMING  MEETINGS  OF  SOCIETIES 


Organisation 


Institute  of  Metals  Division,  A.  I.  M.  E 

Iron  and  Steel  Members,  A.  I.  M.  E 

American  Foundrymen's  Association 

American  Museum  of  Safety  and  Sanitation,  Exposi- 
tion  

National  Safety  Council. . . : 

Business  Show 

National  Society  of  Naval  Architects 

American  Society  of  Mechanical  Engineers 

Geological  Society  of  America 

American  Association  for  the  Advancement  of  Science 


American  Society  of  Civil  Engineers 

American  Wood  Preservers  Association 

American  Society  of  Heating  and  Ventilating  Engi- 
neers  

American  Institute  of  Mining  Engineers 

New  England  Association  of  Gas  Engineers 


Place 


Milwaukee,  Wis. 
Milwaukee,  Wis. 
Milwaukee,  Wis. 

St.  Louis,  Mo. 
St.  Louis,  Mo. 
New  York,  N.  Y. 
New  York,  N.  Y. 
New  York,  N.  Y. 
Boston,  Mass. 
Boston,  Mass. 


New  York,  N.  Y. 
St.  Louis,  Mo. 

New  York,  N.  Y. 
New  York,  N.  Y. 
Boston,  Mass. 


American  Railway  Engineering  Association Chicago,  III. 


Date 


1918 

Oct.  8-11 
Oct.  8-10 
Oct.    7-12 

Oct.    7-12 
Oct.  14-17 
Oct.  21-26 
Nov.  14-15 
Dec.  3-6 
Dec.  28-31 
Dec.   27- 
Jan.  2. 

1919 

Jan. •15-16 
Jan.  28-30 

Jan.  28-30 
;  Feb.  17-20 
■  Feb.  19 
I  Mch.  18-20 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Aug.  10,  1918,  to  Sept.  10,  1918. 

BatcheI/OR,  Habbt  D.,  Laboratory  Director,  National  Carbon  Co^  Inc., 

Cleveland,  Ohio. 
Browning,  C.  P.,  Gren'l  Supt.,  Britannia  Min.  &  Smelt.  Co.,  Ltd., 

Britannia  Beach,  B.  C,  Canada. 
CoMSTOCK,  George  F.,  Met.,  Chg.  of  Physical  Test  Laboratory,. 

Titanium  Alloy  Mfg.  Co.,  Niagara  Falls,  N.  Y. 

CoNCKLiN,  Bert  M Chief  Engr.,  Arthur  Iron  Min.  Co.,  Hibbing,  Minn. 

Cowan,  W.  A.,  Asst.  Chief  Chem.,  National  Lead  Co.,  129  York  St.,  Brooklyn,  N.  Y. 

Davidson,   Philip Met.,   Scovill  Mfg.   Co.,   Waterbury,   Conn. 

Davis,  Louis  L.,  Mgr.  &  Treas.,  Commonwealth  Min.  Co.,  911  Foster  Bldg., 

Denver,  Colo. 

Day,  p.  W Chem.  Engr.,  Western  Cartridge  Co^  207  E.  12th  St.,  Alton,  IlL 

Decker,  Harold  DeWitt,  Co.  A,  27th  Engineers,  A.  P.  O.  714,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

DeLong,  Berton  Henrt Asst.  Met.,  Carpenter  Steel  Co.,  Reading,  Pa. 

DiTTMANN^EHFUSB Asst.  Met.,  American  Bronze  Corpn.,  Berwyn,  Pa. 

Emerson,  Harrington Pres.,  Emerson  Co.,  30  Church  Street,  New  York,  N.  Y. 

Evans,  Harrt  J Engr.,  Oriental  Cons.  Min.  Co.,  Unsan,  Chosen,  Korea. 

Fear,  Thomas  G Genl  Supt.,  Inland  Collieries  Co.,  Harmarville,  Fft. 

Ford,  Allen  P Met.,  Crane  Co.,  Bridgeport,  Conn. 

Fowler,  Harold  W.,  Gen'l  Mgr.,  Cia.  de  Minas  La  Blanca  y  Anexas,  S.  A., 

Pachuca,  Estado  de  Hiaalgo,  Mexico. 
Frank,  William  K.,  Vice-Pres.  &  Genl  Mgr.,  Damascus  Bronze  Co.,  Pittsburgh,  F^ 

Franklin,  Nelson Min.  &  Met.  Mgr^  603  Symes  Bldg.,  Denver,  Oolo. 

Frohman,  E.  D.,  Vice-Pres.,  The  S.  Obermayer  Co.,  2835  Smallman  St., 

Pittsburgh,  Pa. 
Frt,  Alfred  T.,  Asst.  Met.,  Mt.  Lyell  Min.  &  Railway  Co.,  Ltd., 

Queenstown.  Tasmania. 

Glinbs.  Charles  H.,  Jr Chief  Engr.,  Squibbs  Laboratory,  Brooklyn.  N.  Y. 

Hall,  Louis  J.,  Pres.  &  Gen'l  Mgr.,  Columbian  Bronze  Corpn.,  50  Church  St., 

New  York,  A.  Y. 

Harder,  Oscar  E Research  Chem.,  The  N.  K.  Fairbank  Co.,  Chicago,  Di. 

HoGABOOM,  George  B.,  Research  Electro-plater,  U.  S.  Bureau  of  Standards, 

Washington,  D.  C, 
HoRTA  Barbosa,  F.  B.  . . . .  .Rua  Theophilo  Ottoni  No.  92,  Rio  de  Janeiro,  Brazil. 

Lee,  Joseph  H Prop.,  Providence  Brass  &  Aluminum  Foundry,  Providence,  R.  L 

LoTHROP,  M.  T Asst.  Mgr.,  Timken  Roller  Bearing  Co.,  Canton,  Ohio. 

Manderfield,  Edward  A.,  Supt.,  Refugio  Mine,  Cia.  de  Minerales  y  Metales,  S.  A., 

Cerralvo,  Nuevo  Leon,  Mexico. 
Martin,  W.  C,  Chief  Chem.,  Chicago  Bearing  Metal  Co.,  2234  West  43d  St. 

Chicago,  HI. 
Matreis,  Louis  John,  Min.  Engr.  &  Met. ;  Asst.  Resident  Mgr.,  Burma  Mines,  Ltd., 

Namtu,  Burma. 

Merica,  Paul  D Met^  U.  S.  Bureau  of  Standards.  Washington,  D.  C. 

Mitchell,  W.  G Min.  Engr.,  K.  Martens  &  Co.,  24  State  St.,  New  York,  N.  Y, 

Morrison,  Richard  C,  Gen'l  Supt.,  Vanadium  Dept.,  Primos  Chemical  Co., 

Vanadium,  San  Miguel  Co.,  Colo. 

MoussETTE,  O.  J 22-26  Clay  St.,  Brooklyn,  N.  Y. 

Mowrey,  W.  E.,  Assayer,  Refiner  &  Met...  1435  University  Ave.,  St.  Paul,  Minn. 


rATBicK.  £ioB£RT  A.,  oGcy  OE  nam  jyigr..  ^ommoian  oronze  uorpn..  rreepon;,  i^.  x. 

Price,  William  B Chief  Chem.  and  Met.,  Scovill  Mfg,  Co.,  Waterbury.  Conn. 

QuiGLEY,  W.  S.,  Pres.,  Quigley  Furnace  Specialties  Co.,  Inc.,  26  Cortlandt  St., 

New  York,  N.  Y, 


American  Institute  of  Mining  Enoinsers  lix 

Rapp,  F.  a.,  Supt.,  Whitney-Lass  Chrome  Mines,  Claim  Point,  Seldovia,  Alaska. 
Reonell,  Ralph  T.,  Supt.  of  Development,  Hollinger  Cons.  Gold  Mines,  Ltd., 

Box  668,  Timmins,  Ont.,  Canada. 

RirnsB,  HxNRT Supt.,  Lunkenheimer  Co.,  Cincinnati,   Ohio. 

RoBEBTSON,  Almon  Fulton,  Min.  Engr.;  U.  S.  Mineral  Surveyor, 

2411  Harvard  Ave..  Butte,  Mont. 

Rogers,  Ola  J.,  Oil  Producer  and  Geol Cleveland,  Okla. 

ScANLON,  W.  L.,  Min.  Engr.  and  Geol.,  The  Mond  Nickel  Co.,  Ltd., 

Garson  Mine,  Ont.,  Canada. 
Shellsheab,  Wilton,  Care  L.  J.  Griffiths,  Esq.,  Broken  Hill  Proprietary  Co., 

Newcastle,  New  South  Wales,  Australia. 
Skillican,  Verne,  Met.,  General  Aluminium  &  Brass  Mfg.  Co..  E.  Grand  Blvd.  & 

St.  Aubin  Ave.,  Detroit,  Mich. 

Smith,  W.  H Met.,  American  Bronze  Corpn.,  Berwyn,  Pa. 

Stbano,  Elmorb  S.,  Chem.  Engr.  and  Met.,  Baltimore  Tube  Co.,  Inc., 

Baltimore.  Md. 

Thtjbmond,  F.  LeRoi Anchorage  Assay  Office.  Anchorage.  Alaska. 

Tone,  Frank  J Works  Mcr.,  The  Carborundum  Co.,  Niagara  Falls,  N.  Y. 

Torell,  Tobgnt Mgr.,  Aktiebola^et  Elektrolytverken,  Vasteras.  Sweden. 

Walker,  Albert  S.,  Industrial  Engr.,  Wilham  T.  Donnelly,  17  Battery  Place, 

New  York,  N.  Y. 
Wbttrick,  Frederick  J. . . .  Min.  Engr.  and  U.  S.  Mineral  Surveyor,  Juneau,  Alaska. 
Wilson,  Joseph  M.,  Asst.  Inspector,  Engineering  Material,  U.  S.  N^ 

1243  Russell  St.  Allentown.  Pa, 

Wolf,  Fred  L Chem.  En^r.;  Mfg.  Engr.,  The  Ohio  Brass  Co.,  Mansfield,  Ohio. 

Wood,  R.  A Rollmg  Miff  Supt.,  New  Jersey  Zinc  Co.,  Palmerton,  Pa. 

Associates 

Backert,  a.  O.,  Vice-Pres.  and  Genl  Mgr.,  Penton  Publishing  Co.,  Cleveland,  Ohio. 
Blardone,  George,  Petroleum  Statistician,  Boyle  Pubhcations,  Apartado  489, 

Tampico,  Tamps,  Mexico. 
Braziee,  John  B.,  Vice-Pres.  and  Gen*l  Mgr.,  Powhatan  Brass  &  Iron  Wks.^^ 

Ranson,  W.  Va. 
Cadman,  a.  M.,  Sec*y  and  Treas.,  A.  W.  Cadman  Mfg.  Co.,  2816  Smallman  St., 

Pittsburgh,  ra. 
CoNDiT,  John  A.,  District  Representative,  Joseph  Dixon  Crucible  Co., 

409  Erie  County  Bank  Bldg.,  Buffalo,  N.  Y. 
CooLET,  James  W.,  Purchasing  Agent,  National  Meter  Co.,  299  Broadway, 

New  York,  N.  Y. 
Haggenjos,  John,  Vice-Pres.,  Eureka  Brass  Co.,  601  Red  Bud  Ave.,  St.  Louis,  Mo. 

McCloud,  L.  C Tonopah,  Nev. 

Mei£rod,  John  G.,  Foundry  Foreman,  Titanium  Bronze  Co.,  Niagara  Falls,  N.  Y. 
Qberdorfer,  Jonas  L.,  Mgr.,  M.  L.  Oberdorfer  Brass  Co.,  804  E.  Water  St., 

Syracuse,  N.  Y. 
PiELi  Carl  W.,  Sec'y,  Pioneer  Brass  Works,  418-424  S.  Pennsylvania  St., 

Indianapolis,  Ind . 
Roberts,  Wallace  T.,  District  Mgr.,  Sullivan  Machinery  Co.,  837  Equitable  Bldg., 

Denver,  Colo. 
Schneider,  Loins,  Prop.,  Terre  Haute  Bronze  &  Brass  Foundry,  1114  Sycamore  St., 

Terre  Haute,  Ind. 

SHotTDT,  Loyal  A Chief  Surgeon,  Bethlehem  Steel  Co^  Bethlehem.  Pa. 

Wells,  Samuel  Webster Pet.  Geol.,  Roxana  Petroleum  Uo.,  Tulsa.  Okla. 

White,  William  C,  Min.  Engr.,  Weedon  Min.  Co.,  Ltd.,  Weedon,  Quebec,  Canada. 

Junior  Associates 

Bbrkovitz,  Sam Student,  Colorado  School  of  Mines,  Golden,  Colo. 

BiANCHi,  Alfred  P Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Donald,  Robert  Tasker Corp.,  319th  Engineers.  Camp  Fremont,  Cal. 

Dutton,  Dewey  A Student,  Colorado  School  ot  Mines,  Golden,  Colo. 

Jones,  William  F 120  Sherman  St.,  Rock  Springs,  Wyo. 

Martin,  Theodore Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Mulford,  L.  D Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Otto,  John  Francis,  Min.  Engr Hastings,  Pa. 
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Rockwell,  Habry  M Student,  Michkan  College  of  Mines,  Houghton,  Mich. 

Schneider,  Henry  Q GeoL,  Metropolitan  Exploration  Co.,  Denver,  Colo. 

Seebiann.  Arthur  K Student,  tk)lorado  School  of  Mines,  Golden,  Colo. 

White,  Roger  F.,  2d  Lieut.,  Co.  D,  4th  Engineers  Training  Raiment, 

Camp  A.  A.  Humphreys,  Va. 

Change  of  Status — Junior  Associate  to  Assodaie 
Noon,  T.  Roderick Asst.  to  Chief  of  Min.  Dept.,  Illinois  Zinc  Co.,  Peru,  111. 

Total  Membership,  Sept.  10,  1918 7068 

Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  Office  during  the  period  Aug.  10,  1918  to  Sept.  10,  1918. 

This  list  together  with  the  list  published  in  Bulletins  No.  133  to  141, 
January  to  September,  1918,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Jan.  1,  1918 
and  brings  it  up  to  the  date  of  Sept.  10,  1918. 

Abouchab,  S.  S.,  Care  Cia.  Minerales  y  Metales,  S.  A.,  Santa  Eulalia  Unit, 

Apartado  70,  Chihuahua.  Chih.,  Mexico. 

Adams,  Arthur  K Lieut.,  Co.  2,  E.  O.  T.  S.,  Camp  Humphreys,  Va, 

Adams,    L.    W Bethlehem,   Pa. 

Addicks,  Lawrence 6  Church  St.,  New  York,  N.  Y. 

Albertson,  M.  M McLityre-Porcupine  Mines,  Ltd.,  Schumacher,  Ont.,  Canada. 

Aldrich,  Harold  W.,  A^t.   Gen'l  Supt.,  Inspiration  Cons.  Copper  Co., 

Inspiration,  Arix. 

Allen,  Arthur  P Winona  Copper  Co.,  Winona,  Mich. 

Allen,  C.  A General  Dehveiy,  Raymond,  Wash. 

Amidon,  Claude  E 11th  Training  Co.,  Casual  Camp,  Camp  Cody,  N.  M. 

Anderson,  Axel  E.,  Sales  Engr.,  E.  I.  du  Pont  de  Nemours  &  Co.,  406  Idesd 

Bldg.,  Denver,  Colo. 

Applin,  Paul  L Care  Roxana  Petroleum  Co.,  Box  82,  Mineral  Wells,  Texas. 

Ball,  Edwin  Marcottel,  Headquarters  Co.,  51st  Infantry,  A.  E.  F.,  Care 

Postmaster,  N.  Y. 

Barke,  a.  C Care  U.  S.  Fuel  Co.,  Keams  Bldg.,  Salt  Lake  City,  Utah. 

Barton,  L.  A Capt.,  604th  Engineers,  A.  E.  F.,  Care  Postmaster,  N.  Y. 

Benham,  Willard  M.,  Master  Engr.,  Headquarters  Dept.,  115th  Engineers, 

A.  E.  F.,  via  Postmaster,  N,  Y. 

Bernard,    Clinton  P 34   Harriman   Ave.,   Jamaica,    N.  Y. 

BiGKNELL,  H.  L Co.  D,  27th  Engineers,  Camp  Leach,  D.  C. 

Boise,  Charles  W.,  Min.  Engr Room  1100,  42  Broadway,  New  York,  N.  Y. 

BoTSFORD,  M.  P Aetna  Explosives  Co.,  bic,  Torrey  Bldg.,  Duluth.  Minn. 

Brady,  S.  H Pres^  Silver  Mines  Corpn^  Tonopan,  Nev. 

Brown,  Robert  L.,  Ship  Draftsman,  Tenn.  Coal,  Iron  &  Railroad  Co., 

601  American  Trust  Bldg.,  Birmingham,  Ala. 

Brown,  S.  R Co.  F,  27th  Engineers,  Camp  Leach,  D.  C. 

Browning,  Edward Ist  Engineer  Corps,  A.  E.  F.,  Care  Postmaster,  N.  Y. 

Bruns,  C.  L.,  Jr 2d  lieut.p  Aviation  Section.  U.  S.  A.,  Dorr  Field,  Arcadia,  Fla. 

BuRFORD,  S.  W.,  Capt.,  Ordnance  Supply  Div.,  Rock  Island  Arsenal,  Hotel 

Blackhawk,  Davenport,  la. 
Burg,  Robert  S.,  2d  Lieut.,  5th  Reg.,  15th  Bat.,  F.  A.  N.  A.,  A.  E.  F.,  Care 

Postmaster.    N.    Y. 

Burroughs,  A.  H.,  Jr Ensign,  U.  S.  Naval  Reserve,  Bureau  of  Ordnance. 

Canton,  William  R Pvt.,  Headquarters  Co.,  80th  F.  A.,  7th  Division.  A.  E  F. 

Caples,  Russell  B Boston  &  Montana  Smelter,  Great  Falls,  Mont. 

Carroll,  Walter U.  S.  Nitrate  Plant  No.   1,  Sheffield,  Ala. 

Carstens,  C.  E.,  2d  Lieut.,  Care  Director,  Chem.  Warfare  Service,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

Carter,  Ewing R.  F.  D.  1,  Ishkooda  Mines,  Birmingham,  Ala. 

Case,  Willis  Whittier,  Jr.,  Secretary,  Selective  Service  Board,  EKvision 

No.  7,  Room  203,  City  Hall,  Denver,  Colo. 
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Cavaonaho,   David  A 336  62d  St.,   Oakland.   Cal. 

Chase,  F.  D Apartado  269,  Monterey,  Mexico. 

Chbvalibr,  Jbromb  a Sun  Co.,  Mineral  Wells,  Texas. 

Clement,  Harrison  E.,  Gen'l  M^r.,  American  Min.  ft  Exploration  Co.,  Imlay,  Nev. 
CoLBURN,  C.  LoRiMER.  Capt.,  Engineers*  Officers'  Training  School,  Camp  Humphreys. 

Cbaig,  John  J 2d  Lieut.,  311th  Engineers,  A.  E.  F.,  Care  Postmaster,  N.  i. 

Crockard,  Frank  H Woodward  Iron  Co.,  Woodward,  Ala. 

Crossettb,  M.  F.,  U.  S.  Smelt.,  Refin.  &  Min.  Exploration  Co.,  Room  329, 

First  National  Bank  Bldg.,  Denver,  Colo. 
Cbossfield,  J.  T.  K.,  lieut.,  R.  A.  F.,  Care  Cox  &  Co.,  110  St.  Martins  Lane, 

London,  W.  C.  2,    England. 

Crctcher,  E.  R.,  Met.  Engr.,  Mt.  Read  &  Roseberry  Mines  Ltd.,  Queenstown, 

Tasmama. 

Daniels,  Joseph,  Care  S.  E.  Junkins  Co.,  Ltd.,  309  C.  P.  R.  Station, 

Vancouver,  B.  C,  Canada. 

Davidson,  Lyndall  P.,  2d  Lieut.,  373d  Aero  Squadron,  A.  E.  F.,  Care 

Postmaster,  N.  Y. 

Del  Mar,  Algernon.  .' 1424  Alpha  St.,  Los  Angeles,  Cal. 

Dick-Cleland,  a.  F Capt.,  172d  Co.,  R.  E.,  B.  E.  F. 

DiCKMAN,  R.  N. 170  Bay  St.,  St.  Augustine,  Fla. 

Dickson,  James  K.,  N.  Y.  &  Honduras  Rosario  Min.  Co.,  San  Juancito, 

Honduras,  C.  A. 

DnoN,  P.  S. Supt.,  Papa-Cobras  Manganese  Mine,  Minas  Geraes,  Brazil. 

DoYB,  D.  R.,  Co.  B,  Training  Detachment,  University  of^Utah,  Salt  Lake  City,  Utah. 

Ducb,  James  Terry Instructed  to  hold  everything. 

Duncan,  Dan  McLean,  2d  Lieut.,  312th  Engineers,  A,  E.  F.,  Care  Postmaster,  N.  Y. 
Duncan,  Gustavus  A.,  Gen'l  Mgr.,  Eldorado-Flagstaff  M.  &  M.  Co.,  Nelson,  Nev. 

Dye,  Robert  E Box  263,   Haileybury,   Ont.,  Canada. 

Eagles,  R.  H.,  2d  Lieut.,  C.  W.  S.,  Edgewood  Arsenal,  Hastings-on-Hudson,  N.  Y. 
Eames,  Luther  B.,  Eraser  &  Chalmers,  Ltd.,  Johannesburg,  Transvaal,  So.  Afnca. 
Eabung,  Rot  B.,  2d  Lieut.,  Headquarters  Co.,  57th  Field  Artillery,  Camp! 

.  iBowie,  Texas. 

Edmondson,  H.  W Capt.  E.  R.  C,  28th  Engineers,  A.  E.  F.,  Care  Postmaster,  N.  Y. 

Eldredge,  Robert  B 330  E.  Cucharras  St.,  Colorado  Springs,  Colo. 

EsTABRooK,    Edward   L Midwest    Refinery   Co.,    Casper,    Wyo. 

Faibbairn,  Alan  J.,  Forminiere  Mission-Kasai,  Tshikapa,  Belgian  Congo, 

West  Africa. 

Fernandez,  A.   C Apartado  No.   14,  Jimenez,  Chih.,   Mexico. 

Febbon,  Robert  D Care  Sociedad  National  de  Mineria,  Santiago,  Chile. 

Feust,  Arthur 462  E.  138th  St.,  New  York,  N.  Y. 

Fisher,  Howell  T.,  Room  1028,  Marbridge  Bldg.,  34th  St.  &  6th  Ave., 

New  York,  N.  Y. 

Flynn,  Francis  N Instructed  to  hold  everything. 

Galloway,  A.  D.  R Accra,  British  West  Africa. 

Gates,  Arthur  O.,  Lieut.,  U.  S.  N.  R.  F.,  U.  S.  8.  MarUeheadj 

Care  Postmaster,  N.  Y. 

GttL,  James  P Rolla,  Mo. 

Goettbr,  Fred  B.,  Care  Escobosa  Bums  &  Co.,  San  Ignacio,  Sinaloa,  Mexico. 
Gbant,  Ulysses  S.,  IV,  2d  lieut..  Textile  Equipment  Branch,  O.  Q.  M.  G., 

Room  69,   1800  Virginia  Ave.,  Washingfton,   D.  C. 

Gbastt,  J.  Sharshall Box  458,  Charlottesville,  Va. 

Gbavatt,  C.  Marshall,  lieut.,  A.  S.,  Sig.  R.  C,  96th  Aero  Squadron, 

First  Pursuit  Group,   A.    E.    F. 

Gbeenan,  J.  O.. . , lieut.,  27th  Engineers,  Camp  Leach,  Washmgton,  D.  C. 

Gbenfell,  Donald  S.,  121  Ambulance  Co.,  106th  Sanitary  Twiin,  Camp  Wheeler.  Ga. 

Gunthbr,  C.  Godfrey 479  Orange  St.,  New  Haven,  Conn. 

Hahn,  Albert  W.,  Sec'y  Metals  Disintegrating  Co.,  Inc.,  62  Broadway, 

New  York   N.  Y. 

Haldanb,    W.    G Antiocli,    Neb. 

Hall,  Mortimer  L 1692  Park  Ave.,  Bridgeport,  Conn. 

Habbicht,  Harlan  C,  Lieut.,  Co.  12,  Engineer  Training  Regt., 

Camp  A.  A.  Humphreys,  Va. 
Hatheld,  Percy  W.,  Standard  Ordnance  Corpn^ 

Carbon  Place  a  West  Side  Ave.,  Jersey  City,  N.  J. 

Henniger,  Waldbmar  F Gulf  Production  Co.,  Fort  Worth,  Tex. 

Herman,  Hyman,  "Eurunderie,"  111  Kooyong  Rd.,  Armadale,  Victoria,  Australia. 
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Hb88,  Rush  M.,  Care  Southern  Manganese  Gorpn.,  Brown-Marx  Bld^., 

Birmmsham,  Ala. 
HiBBERT,  Arthur,  Major,  3d  Tunnelling  Co.,  Canadian  Engineers,  B.  E.  F.,  France. 

HiGGiNB,  Thomas  F Care  American  Smelt.  &  Renn.  Co.,  Caldera,  Chile. 

HiGLEY,   R.  C ,  Palmer  House,  Chicago,  El. 

Kinsley,  Arthttr  Carruthers,  Capt.,  Co.  D,  115th  Engineers,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

Honus,    Max   T Belize,   British   Honduras,   C.  A. 

Holt,  Jacob  M Thomas  Colliery  Co.,  Shenandoah,  Pa. 

Hood,  K.  K American  Zinc,  Lead  &  Smelt.  Co.,  Carterville,  Mo. 

HousER,  J.  N American  Zinc  Co.  of  Tennessee,  Mascot,  Tenn. 

Howell,  Jesse  V.,  Field  Artillery  Ofl&cers  Training  School,  Camp  Taylor,  Kv. 
HusBissiAN,    K.   L.,    Pvt.,    Co.    15th,    Depot   Brigeule   161st,   Camp   Grant,  111. 

Ihlseng,  Axel  O 449  West  123d  St.,  New  York,  N.  Y. 

James,  Flotd  D.,  Ensign,  U.  S.  N.,  10th  Regiment.  Submarine  Unit, 

Peiham    Bay   Park,    New   York. 

JoHNSOx,  G.  E International  Lead  Refin.  Co.,  Box  334,  Hammond.  Ind. 

Jordan,  Harold  S R.  F.  D.  1,  Box  37,  Haywara,  Cal. 

Kennedy,  John  S Instructed  to  hold  everything. 

Kirk,   Charles   T Kirk  &  Hoover,   Box   1592,   Tulsa,    Okla. 

Knipfin,  L.  M.,  U.  S.  Smelt.,  Refin.  &  Min.  Co.,  55  Congress  St.,  Boston,  Mass. 

Landfield,  J.  B Burlingame,  Cal. 

Lee,  Hugh  B.,  Gen'l  Supt.,  Mutual  Chemical  Co.  of  Canada,  Ltd^ 

Black  Lake,  Quebec,  Canada. 
Lesniak,  S.  W.,  American  Smelt.  &  Refin.  Co.,  Reforma,  Est.  San  Juan, 

via  Cuatro  Cienegas,  Coah.,  Mexico. 

Lewis,   Robert  S University  of   Utah,   Salt  Lake   City,  Utah. 

LiNTHicuM,  J.  F Instructed  to  hold  everything. 

Locke,  Augustus 317  Hobart  Bldg.,  San  Francisco,  Cal. 

McCuLLOUGH.  A.  S The  Carter  Oil  Co.,  Box  697,  Denver,  Colo. 

McCraney,  0 Supt.,  Belmont  Shawmut  Min.  Co.,  Shawmut,  Cal. 

McMaster,  a.  T.  C 75  Hamlet  Ave.,  Woonsocket,  R.  I. 

Mackay,  a.  N Trevose,  West  Byfleet,  Surrey.  England. 

Mahoney,  J.  N 615  77th  St.,  Brooklyn,  N.  Y 

Maier,  Herman  R.,  Lieut.,  Engr.  R.C.,  305th  Engineer  Train,  A.  P.  O.  756, 

A.  E.  F.,  Care  Postmaster,  N.  Y. 
Maness,  Orie  N  . . . .  Co.  D,  1st  Replacement  Engineers,  Washington  Barracks,  D.  C. 

Marshall,  Stuart  B Roanoke,  Va. 

Maslin,  Tom Care  Charles  Retallic,  1746  Depot  St.,  Calumet,  Mich. 

Matsuzawa,  Dentaro,  Chief  of  Producing  Dept.,  Nippon  Oil  Co., 

Marunouchi,  Tokyo,  Japan. 

Milton,  M.  C Mammoth,  Cal. 

MoiLEs,  Earle  D 1275  Bush  Street,  San  Francisco,  Cal. 

MooNEY,  J.  D Capt.,  309th  Ammunition  TVain,  Camp  Sherman,  Ohio. 

Morrow,  John  T.,  Chief  Engr.,  Marlin-Rockwell  Loading  Co.,  Agent, 

Wilmington,  Del. 

Murphy,  J.  F Dra{)er  Mine,  Calumet.  Minn. 

NowLAN,  H.  H Ist  Lieut.,  Balloon  Observation  Corps,  F.  A.,  A.  E.  F. 

NowLiN,  R.  A 2d  Co.,  E.  O.  T.  S.,  Camp  A.  A.  Humphreys,  Va. 

Page,  E.  R.,  Ist  Lieut.,  Air  Service,  Mihtary  Aeronautics,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

Parsons,  Arthur  B Met.  Engr.,  Burma  Mines,  Ltd.,  Namtu,  Burma,  India. 

Partanen,  Isak Pvt.,  Headquarters  Co^  213th  Engineers,  Camp  Forrest,  Ga. 

Pearson,  Alfred,  Jr Capt.,  C.  E.,  U.  S.  A.,  Camp  Humphreys.  Va. 

Peterson,  Clarence  J Care  C.  L.  Severy,  803  Mayo  Bldg.,  Tuba,  Okla. 

Phillips,  Louis Villa  Nova  de  Lima,  Minas  Geraes,  Brasil. 

Pickett,  C.  E 2d  Lieut.,  F.  A.  R.  C,  A.  P.  O.  718,  A.  E:  F.,  France. 

Pitman,  S.  M 125  George  St.,  Providence,  R.  I. 

PouLSEN,  Magnus,  Chief  Engr.,  Societe  Beige  Industrielle  et  Miniere  du  Katanga, 

Nr.  20,  rue  Berteaux-Dumas^  Neuilly  s/Seine,  France. 

Prince,  Ernest 556  University  Ave.,  Boulder,  Colo. 

Purington,  Irving  C Engr^  United  Verde  Copper  Co.,  Clarkdide,  Aria. 

Putnam,  Henry  R.,  Capt.,  Engr.  R.  C.,  General  Engineering  Depot, 

Washington,  D.  C. 
Rabling,  Harold,  Act.  Corp.,  2d  Draft  Reinforcements,  Field  Eimneei8| 

Australian  Imperial  Forces. 
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Ratics,  Loxna Q.  M.  C,  Barracks  No.  2,  Camp  Dodge,  Iowa. 

Rat,  Horatio  C 1st  Lieut.,  Engr.  R.  C,  Co.  A,  614th  Engineers,  A.  E.  F. 

Read,  J.  Burns Capt.,  Ordnance  R.  C,  Inspection  Div.,  Washington,  D.  C. 

Retnoldb,  Henbt  D.  G Box  872,  Los  Angeles,  Cal. 

Richard,  lioxns  M 019  Venezia  Ave.,  Venice,  Cal. 

RoBiTAiLLE,  A.  Edmond 219  I^ch  Bldg.j  Tulsa,  Okla. 

RooEBS,  Alexander  P Metropolitan  Club,  Wasmnxton,  D.  C. 

RoLKBR,  Charles  M 21  West  68th  St.,  New  York,  N.  Y. 

RousH,  G.  A.,  Capt.,  Ord.  Dept.,  U.  S.  A.,  Inspection  Div.,  6th  &  B.  Sts., 

N.  W.,  Washington,  D.  C. 

RuKARD  HuRD U.  S.  Bureau  of  Mines,  State  Capitol,  St.  Paul,  Minn. 

ScHSURBR,  L.  R. . .  .Co.  D,  Ist  Replacement  Engineers,  Washington  Barracks,  D.  C. 

ScHiLLiNa,    George   W 129   Carroll   St.,    Freeport,    111. 

ScHiNDLER,  Donald  F.,  34th  Co.,  M.  T.  D.,  Machine  Gun  Training  Center. 

Camp  Hancock,  Ga. 
Schleeeth,  C.  Q.,  Care  Cia.  de  Minerales  y  Metales,  S.  A.,  Apartaao  261, 

Monterey,  N.  L.,  Mexico. 
Schmidt,  R.  D.,  lieut^  324th  Field  Artillery,  A.  E.  F.,  Care  Postmaster,  N.  Y. 
Schmidt,  W.  C,  Min.  Engr.,  Cons.  Arizona  Smelt.  Co.,  Bluebell  Mine,  Maver,  Ariz. 

Se.\ring,  Oliver  P Care  Constructing  Quartermaster,  Camp  Shelbv,  Miss. 

Seng,  Chan  Key Box  341,  Copperhill,  Tenn. 

Sheelbr,  Walter  L Catlin  Shale  Products  Co.,  Elko,  Nev. 

Shrhter,  Ellsworth  H.,  Ist  lieut.,  Co.  C,  27th  Engineers,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

Shtttts,  Arthur  B 182  N.  Franklin  St.,  Wilkes-Barre,  Pa. 

SiXT,  W.  M Care  E.  A.  Sixt,  West  Park,  Ohio. 

Small,  Horatio  L.,  Capt.,  32d  Provisional  Ordnance  Depot  Co.,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

Smith,  Lyon 1370  Race  St.,  Denver,  Colo. 

Spengler,  Frederick Instructed  to  hold  everything. 

Sperr,  J.  D 4420  Northcote  Ave^  East  Chicago,  Ind. 

Spilsbury,  Persifor  G 214  O'Neill  Bids.,  Phoenix,  Ariz. 

Stanford,  Richard  B 2824  Napoleon  Ave.,  New  Orleans,  La. 

Stanton,  Robert  B New  Caanan^  Conn. 

Starbird,  Roy Pvt.,  Co.  D.  63d  Infantry,  Presidio,  Cal. 

Stein,  Paul American  Smelt.  &  Refin.  Co.,  Sasco,  Ariz. 

Steven,  Hugh  M Capt.,  7th  Battalion,  Canadian  Engineers,  B.  E.  F. 

Stifel,  Carl  G 2007  Herbert  St^  St.  Louis,  Mo. 

Straub,  Charles  E Box  147,  Cincinnati,  Ohio. 

Stronck,  Hubert  N.,  Chief  of  Operations,  Kenfield-Lamoreaux  Co., 

1652  Otis  Bldg.,  Chicago,  HI. 

Tapun,  Thomas  J.,  Jr 16  Lordship  Park^  London,  N.  16,  England. 

Teetb,  John  N.,  U.  S.  Naval  Training  Sta.,  15th  Reg.  Aviation,  C.  P.  O.  Barracks, 

Great  Lakes,  111. 
Tesch,  T.  a..  Chief  Engr.  and  Designer,  Noorbottens  Jamverks  Aktiebolag, 

•  Tumba,  Sweden. 

Thompson,  A.  Perry Cons.  Min.  GeoL,  445  Hanover  Ave.,  Oakland,  Cal. 

Thompson,  Warren  D.,  Care  William  D.  Orcutt,  333  Commonwealth  Ave., 

Boston,  Mass. 

Thomson,  Henry  N 406  West  Adams  St^  Los  Angeles,  Cal. 

Thorne,  William  E 131  Locust  St.,  Santa  Cruz,  Cal. 

TiCKNBR,  Frank  W Care  Frontier  Brass  Foundry,  Niagara  Falls,   N.  Y. 

Turner,    A.    A Barstow,  Cal. 

Tyssowski,  John,  Major,  Q.  M.  R.  C,  Care  C.  B.  Parker,  Woodward  Bldg., 

15th  &  H  Sts.,   N.   Wy   Washington,   D.   C. 
Urbn,  Lester,  C,  Capt.,  Chemical  Warfare  Service,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

Varian,  J.  P 615  Franklin  Ave.,   Palmerton,   Pa. 

ViSBL,  C-  E Co.  3,  E.  O.  T.  S.,  Camp  Huniphreys,  Va. 

Waldsr,  L.   a General   Engineering  Co.,   Salt  Lake   City,   TJtah. 

Wallower,  Herbert  Hoover,  2d  Lieut.,  Co.  B,  29th  Engineers, 

A.  P.  O.  714,  A.  E  .F. 

Ward,  A.  T Co.  F,  56th  Pioneer  Infantry,  Camp  Wadsworth,  S.  C. 

Ward,   Merwin  H 417  Security   Blclg^   St.  Louis,    Mo. 

Warford,  Norman  L.,  Powdered  Coal  Engr.,  Fuller  Engineering  Co.,  Allentown,  Pa. 
Waters,  A.  L Care  Charles  E.  Richardson,  Hong  Kong,  China. 
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Wenstbom,  Olof,  Bonbright  &  Ck>.,  Shawmut  Bank  Bldg., 

55  Ck>ngres8  St.,  Boston,  Maas. 

Wbstbrvblt,  E.  W Instructed  to  hold  everything. 

WiLUB,  Charles  F.,  Cons.  Supervisor,  Dept.  of  Industrial  Relations, 

Phelps  Dodge  Corpn.,  Bisbee,  Ariz. 
Wood,  Rot  U.,  Ensign,  U.  S.  N,  R.  F.,  Section  R,  Bureau  of  Ordnance, 

Navy  Dept.,  Washington,  D.  C. 

Wobmbbr^Feux  E Co.  3,  E.  O.  T.  C,  (Jamp  Humphreys,  Va. 

Wraith,  William Room  1927,  42  Broadway,  New  York,  N.  Y. 

Wyler,  Joseph  A 1947  West  lOOfh  St.,  Cleveland,  Ohio. 

YoBT,  Harold  K.,  Asst.  Geol.,  Phelps  Dodge  Coipn., 

Burro  Mountain  Branch,  Tyrone,  N.  M. 

Young,  Lewis  E 400  Union  Electric  Bldg.,  St.  Louis,  Mo. 

YuNDT,  Leokabd  D Co.  A,  27th  Engineers,  A.  E.  F.,  Care  Postmaster,  N.  Y. 


Members'  Addresses  Wanted 

Name.  Last  address  of  Record  from  which  Mail  has  been  returned. 

Andebson,  F.  B Copper  Queen  Cons.  Min.  Co.,  Bisbee,  Ari»- 

Armstrong,  Cufton  T 347  Manhattan  Ave.,  New  York,  N.  Y- 

AsHMORE,  E.  P 504  Sherboume  St.,  Toronto,  Ont.,  Canada. 

Barnard,  C.  W North  Chicago  Hospital,  2661  N.  Clark  St.^Chicago,  Dl. 

Barnbtt,  William  J 8    Waterloo  Place,  Pall  Mall,  London,  S.  W.,  England. 

Bird,  Frank  H Butler  Hotel,  Seattle,  Wash. 

Blanchard,   Ralph  C 3  Lombard   St.,  London,   England. 

Boas,   Robs  H Highland  Boy  Mine,   Bingham  Canyon,   Utah. 

Breeding,  F.  O Eden  Min.  Co.,  Bluefields,  Nicaragua. 

Brooke,   Lionel Minas  del   Tajo,   Rosario.   ^n.,    Mexico. 

Browne,  Arthur  B Malleable  Iron  Fittings  Co.,  Branf ord.  Conn. 

Bryant,  George  W Apartado  86,  Guanajuato,  Gto.,  Mex. 

Bters,  Wheaton  B 60  Hampton  Hall,  Cambridge,  .Mass. 

CoNOVER,  M.  J Hotel  Bellevue,  San  Francisco,  Cal. 

Dennis,   Paul  J Bisbee,  Aris. 

Detert,   William  F Jackson.   Amador  Co.,  CaL 

Ehlers,  L.  W 2137  -St.  Louis  Ave.,  St.  Louis,  Mo. 

deFaria,  C.  C,  Fiscal  das  Estradas,  Rua  Condo  do  Bomfim,  No.  46, 

Rio  de  Janeiro,  Brazil. 

Fielding,  Sir  Charles Belmont,  Faversham,  Kent,  England. 

Geib,  Francis  Hodgson Rolla,  Mo. 

Goldsmith,   Osher RoUa,  Mo. 

Herr,  J.  Campbell Box  656,  State  College,  Pa. 

Hovland,  Henry  B Los  Angeles  Athletic  Club,  Los  Angeles,  Cal. 

Kay,  David  Nelson Ray  Cons.  Copper  Co.,  Hayden,  Ari«. 

Kernan,  Thomas  H.,  School  of  Mines  Experiment  Sta.,  Univ.  of  Minnesota, 

Minneapolis,  Minn. 
Klugescheid,  Walter  P 616  W.  113th  St.,  New  York,  N.  Y. 

KONSELMAN,     ALBERT     S GloDC,   Ajl*. 

Levy,  Milton  M 525  Cache  la  Pouche  St.,  Colorado  Springs,  Colo. 

Morris,  John  M Rolla,  Mo. 

Prior,  Charles  E La  Blanca  y  Anexas  Mina,  Pachuca,  Hd^L,  Mexico. 

Roberts,  Edward  J. .  .Gen'l  Mgr.,  Nevada  Pyramind  Min.  Co.,  Riverside  Hotel, 

Reno,  Nev. 

Ross,  Herbert  W 314  Pacific  Ave.,  Piedmont,  Oakland,  Cal. 

Simpson,   Kenneth  M 57  Post  St.,   San  Francisco,  Cal. 

Sticknby,  William  H 708  N.  Center  St.,  Reno,  Nev. 

Tao,  H.  T RoUa,  Mo. 

ToNG,  Sing  Kow 404  W.  115th  St.,  New  York,  N.  Y. 

Van  Rensselaer,  Arthur  M 119  E.  51st  St.,  New  York.  N.  Y. 

WoNG^iN  Charles Rolla.  Mo. 

Woo,  W.  K M  70  Sing  Kong  Li,  Minghong  Road,  Shanghai,  China. 
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Necroloot 

(See  Abo  "Died  in  Servioe.'*) 

The  deaths  of  the  following  members  were  reported  to  the  Secre- 
tary's oflSce  during  the  month  Aug.  10,  1918,  to  Sept.  10,  1918. 

Date  of  Name.  Date  of  Death. 

Election. 

1917  Heine,  Bernhardt  E Aug.  10,  1918. 

1018  MaoKelvie,  N.  Bruce Aug.        1918. 

Candidates  for  Mbmbbrship 

Appucation  fob  Membebship. — The  Institute  demres  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  thut 
Deraons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  the^  will  make  a  practice  of  glanc- 
ing through  the  list  of  applicants  and  promptly  notifymg  the  Committee  on  Member* 
ship,  or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 

Applicationa  Lacking  EndorsemerU 

Applications  for  membership  have  been  received  from  Mr.  Braecke 
and  Mr.  Wilkie,  whose  records  are  given  below.  These  applications 
lack  the  necessary  number  of  endorsers,  but  since  these  candidates 
live  at  some  distance  from  the  headquarters  of  the  Institute, 
their  records  are  published  here  in  order  that  any  members  who  are  ac- 
quainted with  them  may  be  advised  of  the  circumstances  and  may  have 
an  opportunity  of  writing  to  the  Secretary*  endorsing  these  candidates. 

Members 

Gustave  Braecke,  La  Carolina,  Spain. 
Propose  by  A.  I>eDeken. 

Bom  1860,  Nieuport,  Belgium.  1886,  Grad.,  School  of  Mines,  Li^e,  Belgium, 
M.  £.  and  Engr.  of  Arts  and  Manufacturers.  1887-91,  Ore-dressing  Dept.,  Hum- 
boldt Engng.  Worlw,  Kalk,  Germany.  1891-1901,  Prospecting,  Northern  Transvaal; 
SMp.,  Molyneux  mmes,  Witwatersrand,  Transvaal.  1901-03,  Mgr.,  Gwendoline 
Did  mine,  Korea.  1903^-06,  Mgr.,  Mina  San  Vicente,  Soci^t^  La  Nouvelle  Montague, 
^ain.  1906^7,  Prospecting  for  zinc,  Djendli  mine,  Arzelia.  1907-11,  Mgr^  Ollin 
mines,  North  Spain.  1911-13,  Reporting  in  Spain  for  Soci6t4  d'Etudes  Mini^re, 
Brussels.  1914-18,  Mgr.,  Lead  mines,  Curas  and  Soldado,  andU  Technical  Mgr., 
Xew  Cerdenillo,  Silver-lead  mines.  La  Carolina,  Spain. 

Present  position :  Mgr.,  Soci^te  Curas  et  Soldaao  de  Carolina. 

Donald  Cook  Wilkie,  Serembau,  Federated  Malay  States. 

Proposed  by 

Bom  1879,  Dundee,  Scotland.  Brothers'  school,  Penang,  Straits  Settlements; 
Baptists'  School,  Rangoon,  Burmah;  Donaldson's  School,  Dundee,  Scotland;  1890- 
92,  Wallacetown  School,  Dundee,  Scotland.  1892-98,  Mechanical  and  electrical 
eoDstruction  and  repair  work;  engr.  experience;  drafting  room;  shop  at  sea,  Ross  & 
WiUde,  Scotland.  1898-99,  Asst.  Engr.,  China  Borneo  Co.,  Ltd.,  Sandakan,  B.  N., 
Borneo.  1901-03,  Salvage  Dept.,  Tangong  Pagar  Dock  Co.,  Ltd.,  Singapore.  1903- 
10,  Engr.,  Pyritical  Ore  Instairation,  Sungei  B^i  recovery  of  tin  stone  from  arsenical 
&nd  sulphurous  ores,  The  Straits  Trading  Co.,  Ltd.,  Sungei  Besi,  Malay  States. 

Pr^ent  position — 1910  to  date:  Supt.  Engr.,  Linggi  Plantations  Ltd. 

The  following  persons  have  been  proposed  during  the  period  Aug.  10, 
1918,  to  Sept.  10,  1918,  for  election  as  members  of  the  Institute.  Their 
iiames  are  published  for  the  information  of  Members  and  Associates, 
from  whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  period  (varying  in  the  discretion  of  the  Committee,  accord- 


Ixvi  Monthly  Bulletin  No.  142,  October,  1918 

ing  to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception 
of  such  communications,  before  any  action  upon  these  names  by  the 
Committee.  After  the  lapse  of  this  period,  the  Committee  will  recom- 
mend action  by  the  Board  of  Directors,  which  has  the  power  of  final 
election. 

Members 

George  Blmer  Abemathy,  Stoddard,  Ariz. 

Proposed  by  S.  E.  Chaney,  Claude  Fergrison,  W.  F.  Dietrich. 

Bom  1885,  Springfield,  Mo.  1914,  Grad.,  Missouri  School  of  Mines,  RoUa,  Mo., 
B.  S.  in  M.  E.  1909,  Mill  work,  Utah  Copper  Co.,  Bingham  Canyon,  Utah.  1910- 
11 J  Miner;  Shift  Boss,  Leonard  mine^  Butte,  Mont.  1912-14,  Supt.  of  precipitation; 
Mme  Captain,  Los  Dos  Estrellas  mine.  El  Oro,  Mex.  1914-15,  Asst.  in  mining,  in 
charge  of  Laboratory,  Missouri  School  of^Mines,  RoUa,  Mo.  1916,  Engr.,  Ariiona 
Bin^amton  Copper  Co. 

Present  position — 1916  to  date:  Shift  Boss,  Arizona  Binghamton  Copper  Co. 

William  Welsh  Adams,  San  Antonio.  Tex. 

Proposed  by  P.  K.  Lucke,  Frank  J.  Nagel,  C.  Q.  Schlereth. 

Bom  1887,  Sault  Ste.  Marie,  Mich.  1909,  Grad.,  Leland  Stanford  Univ.  1910- 
llj  Min.  Engr.,  1911-14,  Mine  Foreman,  Ojuela  mines,  Durango,  Mexico.  1914, 
Mme  Foreman^  Sta.  Gertrudis  mine,  Pachuca,  Mexico. 

Present  position — 1915  to  date:  Supt.,  Paloma  y  Cabrillas  Mines,  Higueros.  Coah., 
Mexico. 

Jestts  Escobar  Alvarez,  Colombia,  S.  A. 

Proposed  by  Norman  L.  Jenks,  Juan  de  la  C.  Posada,  Alejandro  Lopes. 

Bom  1885,  Medellin,  Colombia.  1902,  National  School  of  Mines,  Medellin. 
1907,  Univ.  of  Antioquia,  Medellin;  Litemational  Correspondence  School,  Scranton, 
Pa.  1900-10,  Charge  of  Laboratory,  Restreppo  &  Escobar,  Medellin.  19ltf-ll, 
Mine  Mgr.,  Colombia.  1911-14,  Mgr.,  La.  Coscada,  Manizales,  Colombia.  1914-17, 
Mine  Mgr.,  El  Coral. 

Present  position — 1917  to  date:  Asst.  Mgr.,  Colombia  Min.  Co. 

Daniel  Alexander  Barry,  Idaho  Springs,  Colo. 

Proposed  by  Fred.  H.  Bostwick,  Louis  S.  Noble.  Richard  A.  Parker. 

Bom  1870,  Nova  Scotia.  Educated  at  Pubhc  Schools.  1894-95,  Stationary 
Engr.j.  Columbia  Mines  Co.,  Ward,  Colo.  1895.  Stationary  Engr.,  Columbia  Leasiiig 
Co.,  Ward,  Colo.  1896,  Tableman,  The  Big  Five  Tunnel  Ore  Reduction  &  Trans- 
portation Co.;  Stationary  Engr.,  Modoc  Min.  &  Mill.  Co.,  Ward,  Colo.  1897, 
Night  Millman,  constmction  and  operation,  San  Bias  Min.  Co.,  Ward,  Colo. 
1898-99,  Night  Millman,  Santon  &  Coleman,  Lessees,  Ward.  Colo.  1899-1901,  Sta- 
tionary Engr.,  Pennsylvania  Mill.  Co.,  Boulder,  Colo.  1901-04.  Stationary  Engr-. 
installation  and  operation  of  machinery.  Big  Five  Tunnel  Ore  Reduction  ATranspor- 
tation  Co.,  Frances  and  Idaho  Springs,  Colo.  1905-11,  Supt.,  Big  Five  Tunnel  Ore 
Reduction  &  Transportation  Co.,  Frances,  Colo. 

Present  position — 1911  to  date:  Supt.,  Big  Five  Tunnel  Ore  Reduction  Co. 
and  its  successor  The  Big  Five  Min.  Co. 

George  Scott  Baton,  Pittsburgh,  Pa. 

Proposed  by  S.  A.  Taylor,  W.  W.  Keefer,  W.  A.  Luce. 

Bom  1869,  Philadelphia,  Pa.  1894,  Grad.,  Lehigh  Univ.,  B.  S.  1895,  Eng., 
Monongah  Coal  &  Coke  Co.,  Monongah,  W.  Va.  1896-1900,  Div.  Eng.,  H.  C. 
Frick  Coke  Co.,  Scottdale,  Pa.  1900-02,  Building  and  operating  coal  mine,  Fayette 
Co.,  Pa.     1902-18,  Cons.  Min.  Engr.,  opening  and  developing  coal  properties. 

Present  position :  Member  of  firm.  Baton  &  Elliott,  Civil  and  Min.  Engrs. 

Charles  Sewell  Beach,  Frontier,  Wyo. 
Proposed  by  W.  D.  Waltman,  W.  D.  Brennan,  P.  J.  Quealy. 
Bom  1871,  Howell,  Mich.     1893,  Common  and  high  school.     1895-99,  Min.  Eng., 
University  of  Wyo.,  B.  S. 

Present  position — 1900  to  date:  Eng.  and  Asst.  Supt.,  Kemmerer  Coal  Co. 

Theodore  Dyer  Benjovsky,  Sweetwater.  Nev. 

Proposed  by  Charles  Kirchen,  Henry  W.  Rives,  S.  H.  Brady. 

Bom  1884,  Leadville,  Colo.  1909,  Grad.,  Colorado  School  of  Mines,  £.  M. 
1896-1908  (Summers  and  falls)  Min.,  Silverton,  Colo.  1908,  With  Colorado  Geo- 
logical Survey.  1909-10,  Mine  Foreman  and  Supt.,  W.  B.  Lowe  Min.  Co.  1910, 
Electrician,  Vermillion  Min.  Co.     1910-11,  Leasing,  La  Plata  Dist.,  Colo.     1911-13, 
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Mgr.y  ranch  at  Del  Norte,  Colo.    1913-14,  Genl  Supt.,  New  State  Reduction  Co. 
1914,  Chum  drills  and  field  geoL,  Phelps-Dodge  Corpn.,  Morenci,  Ariz.     1914-15, 
General  contracting  mining  work.     1915-18,  Mine  Foreman  to  Cons.  Engr.,  U.  S. 
Gold  Corpn.     1918,  Mill  Fbreman,  Primos  Chemical  Co.,  Empire,  Colo. 
Present  position:  Cons.  Engr.,  Nevada  Progressive  Gold  Min.  Co. 

George  Blanc^  Botsford,  Sunrise^  Wyo. 

Proposed  by  W.  D.  Waltman,  William  F.  Moenke,  Charles  T.  Lupton. 

Bom  1880,  Hancock,  Mich.  1903,  Grad.,  Michigan  College  of  Mmes,  Houghton, 
Mich^B.  S.  and  E.  M.  1903-05.  Asst.  Chem.  and  Chief  Chem.,  Lake  Superior  Smelt. 
Co.,  Dollar  Bay,  Mich.  1905,  Asst.  Min.  Eng.,  Colorado  Fuel  &  Iron  Co.,  Sunrise 
iron  mines.  1905-09,  Chief  Mm.  Ens.,  Colorado  Fuel  &  Iron  Co.,  Div.  Eng.,  Sunrise 
Br&nch,  Colorado  and  Wyoming  Railroad,  Sunrise,  Wyo. 

Present  position — 1909  to  date:  Asst.  Supt.,  Sunrise  Mines,  Colorado  Fuel  & 
Iron  Co. 

Thomas  Albert  Brown,  Breckenridge^  Colo. 

Proposed  by  Fred  H.  Bostwick,  Louis  S.  Noble,  Bichard  A.  Parker. 

Bom  1861,  Yorkshire,  England.  1880-84,  Placer  mining  work.  1884r-89,  Dis- 
covered and  worked  Tip  Top.  Romance  and  Salina  gold  mining  properties;  engr. 
and  amalgamator.  Jumbo  Mill,  Jumbo  Co.  1889-95,  Clothing  store,  fireckenridge, 
Colo.;  mining  and  reporting;  constructed  foundry,  machine  and  boiler  works,  Aspen, 
Colo.  1895-98,  Mined  and  milled  sulphide  ores^  lead,  zinc  and  iron,  Wellington 
mines,  Breckenridge,  Colo.  1898,  Worked  I.  X.  L.  mines.  Swan  City,  Colo.  1899, 
Supt.,  Carrie  Gold  Min.  &  Mill.  Co.  1899-1905,  Working  own  properties,  leasing 
others  and  rej^orting  on  them.  1905,  Purchased  half  interest  in  I.  X.  L.  properties. 
1906-08,  Leasing  and  working  Truax  mines.     1908-16,  Working  mining  properties. 

Present  position — 1917  to  date:  Supt.,  I.  X.  L.  (now  Royal  Tiger)  Mme,  Royal 
Tiger  Mines  Co. 

Ira  Clinton  Callanden  Jodie,  W.  Va. 

Proposed  by  H.  E.  Nold,  R.  H.  Morris,  George  H.  Morse. 

Bom  1888,  Ontario.  Canada.  1908-14,  Ohio  State  University.  1914^17,  Min. 
Engr.,  Jasper  Park  Collieries  Ltd^  Pocahontas,  Alta.,  Canada.  1917-18,  Min. 
Engr.,  Gauley  Mountain  Coal  Co.,  Jodie,  W.  Va. 

Present  position:  Asst.  Supt.,  Gauley  Mountain  Coal  Co. 

Monroe  O.  Carlson,  Namtu,  Burma. 

Proposed  by  T.  E.  Mitchell,  Arthur  W.  Jenks,  A.  B.  Parsons. 

Bom  1891,  Denver,  Colo.  1899-1911,  Public  and  high  schools,  Denver,  Colo. 
1911-12,  Univ.  of  Denver.  1912-15,  Colorado  School  of  Mines,  E.  M.  1913-15, 
Sampler,  Globe  Smelter,  Denver,  Cfolo.  191&-16,  Engr.,  Utah  Fuel  Co.,  Castle 
Gate,  Utah.     1916-17.  Assayer,  Chem.,  Tomboy  Gold  Min.  Co.,  Telluride,  Colo. 

Present  position — 1917  to  date:  Min.  Engr.  and  Met.,  Burma  Mines  Co.,  Ltd. 

Jules  Cousin,  New  York,  N.  Y. 

Proposed  by  A.  E.  Wheeler,  F.  W.  Snow^S.  H.  Ball. 

Bom  1884,  Belgium.  1903-09,  Univ.  of  U6ge.  1910,  Univ.  of  Li^ge  and  Louvain, 
M.  E.,  C.  E.,  E.  E.  1911-12.  Student  Engr.;  1912-14,  Secretary;  1914r-16,  Asst. 
Gen'l  Mgr.,  Union  Mini^e  au  Haut  Katanga  (Belgian  Congo).  1916-17,  Asst. 
Gen'l  Mgr.     1917,  Acting  Gen'l  Mgr.,  Chemin  de  fer  du  Katanga. 

Present  position — 1917  to  date:  New  York  Office  of  Union  Mini^re  du  Haut 
Katanga. 

Stuart  Croasdale,  Denver,  Colo. 

Proposed  by  Richard  A.  Parker,  H.  L.  Brown,  Webster  P.  Gary. 

Bom  1866,  Delaware  Water  Gap,  Pa.  1888,  B.  S.;  1891,  M.  S.  and  Ph.  D., 
Lafayette  College.  1891-1903,  Head  Chem.,  Holden  Lixiviation  Works,  Aspen,  Colo. 
1893-94,  Assayer,  Golconda  gold  mine,  Summitville,  Colo.  1894-95,  Assayer,  Gillett 
Reduction  Works,  Gillett.  Colo.  1895-96,  Assaying  and  investigation,  ore  treatment. 
Commonwealth  mine,  Pearce,  Ariz.  1896-1900,  Head  Chem.,  Globe  Smelt.  & 
Refin.  Co.,  Denver,  Colo.  Pioneer  Smoke  Investigation,  Anaconda  Copper  Co., 
Anaconda,  Mont.  Development  of  Burro  Mountain  Copper  Co.,  N.  M.  Develop- 
ment of  copper  leaching  process,  Ajo,  Ariz.  Special  investigations  for  American 
Smelt,  k  Renn.  Co.,  American  Metal  Co.,  U.  S.  Smelt.  &  Refin  Co.,  Nipissing  Min. 
Co.^and  others. 

Present  position — 1900  to  date:  Cons.  Engr.,  Min.,  Met.  and  Industrial  Chem. 

Mark  Orville  Danford,  Trinidad,  Colo. 

Proposed  by  Frank  Bulkley,  Richard  A.  Parker,  David  G.  Miller,  Louis  S.  Noble. 

Bom  1875,  New  Boston,  lU.    Educated  at  public  schools.     1900-06,  Asst.  Engr., 
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Victor  Fuel  Co.  1006-07.  Engr.,  H.  C.  Nichols  Ck>al  Co.  and  Chioosa  Fuel  Co. 
1907-11,  Senior  Member^Danford  &  Sanderson^  Engrs.  1911-14,  Gen'l  Supt.,  Cedar 
Hill  Coal  &  Coke  Co.  Have  acted  in  consulting  capacity  for  number  of  coal  com* 
panies  in  New  Mexico,  Utah,  Wyoming,  Colorado  and  ola  Mexico. 

Present  position — 1914  to  date:  Senior  Member,  Danford  &  Douglas,  Trinidad: 
Danford  &  Tliompson,  Walsenburg;  Danford,  Thompson  &  Douglas,  Tiinidad  and 
Walsenbnig.  Cons.  Ekiffr.,  Pikes  Peak  Fuel  Co.,  Colorado  Springs  Co.,  Oakdale  Coal 
Co^  Cedar  Hill  Coal  A  Coke  Co..  Crested  Butte  Anthracite  Min.  Co.,  Albuquerque 
&  CuriUos  Coal  Co.,  Rapson  Coal  Min.  Co.  and  others. 

Oscar  Eugene  DeWitt,  Cuba  City,  Wis. 

Proposed  by  W.  N.  Smith,  S.  H.  Davis,  Ralph  E.  Davis. 

Bom  1885,  Susanville,  Cal.  1899-1900,  Platteville,  Wis.^  Normal  School.  1910- 
12,  Platteville,  Wis.,.  Mining  Trade  School.  1909,  Coal  mm.,  Edmonton,  Alberta, 
Canada.  1911,  Zinc  mill  co^ruction  in  Wis.  1913,  Plant  Engr.,  Rowley  mine.  Wis. 
1914,  Asst.  Supt.,  Ellsworth  &  Rundell  mines;  Supt.,  Vinegar  Hill  mine.  1915, 
Mill  Supt.,  Martin  mine;  North  Unity  mine.  1916,  ^pt.,  North  Unity  mine;  Hodge 
mine.     1917,  Supt.,  Kittoe  mine;  Jefferson  mine. 

Present  position :  Supt.,  Jefferson  Mine,  Basel  Green,  Wis. 

Thomas  Bail^  Dryer.  Birmingham,  Alabama. 

Proposed  by  Robert  Hamilton,  Quin  W.  Stuart,  H.  S.  Geismer. 

Bom  1889,  Birmingham,  Ala.     1908,  Grad..  Alabama  Polytechnic  Institute,  B.  S. 

1908,  Laborer,  electrical  construction  work,  Alaoama  Polyteclmic  Institute;  draftsman 
and  rodman,  Kane  Lumber  Co.  1909,  Draftsman,  Thauton  Bros.,  £^|;r8..  Birming- 
ham, Ala. :  draftsman,  Montgomenr  Coal  Washer  &  Mfg.  Co.,  Birmmgnam,  Ala. 
1909-13,  Field  Engr.,  Motley  &  Dryer,  Birmingham,  Ala.  1913-17,  Min.  Engr.; 
Supt.  of  Coal  Mines,  Koden  Coal  Co.,  Marvel,  Ala.  1917-18,  Min.  Engr.,  Tennessee 
Coal,  Iron  &  Railroad  Co.,  1918,  Construction  Ensr.,  Sloss-Sheffield  Steel  &  Iron  Co. 

Present  position:  Chief  Construction  Engr.,  Sloss-Sheffield  Steel  &  Iron  Co. 

Tames  Rutherford  Elliott,  Pittsburgh,  Pa. 

ftoposed  by  S.  A.  Taylor,  W.  W.  Keefer,  W.  A.  Luce. 

Bom  1873,  England.  1893,  Grad.,  Western  Univ.  of  Pennsylvania,  now  Univ.  of 
Pittsburgh,  C.  E.  1893-1900,  Asst.  Eng..  Wilkins  &  Davison,  Pittsburgh,  IV. 
1900-02.  Chief  Asst.,  W.  G.  Wilkins,  Pittsburgh,  Pa.  1902-07,  Member  of  firm, 
Elliott  &  Baton,  Pittsburgh,  Pa.     1907-16,  Min.  in  Cal.,  Aria,  and  Utah. 

Present  position — 1916  to  date:  Member  of  firm.  Baton  and  Elliott,  engaged  in 
opening  and  development  of  coal  min.  properties. 

Clarence  Milton  Fenton,  Columbus,  Ohio. 

Proposed  by  M.  S.  MacCarthy,  Edward  L.  Blossom,  Murray  F.  Crossette,  Harry 
J.  Wolf. 

Bom  1857,  St.  Louis,  Mo.  1875,  Grad.,  Buffalo  EOgh  School,  Buffalo,  N.  T. 
1879,  Fredonia,  N.  Y.,  Academjr.  1880-1907,  Gen'l  Mgr.,  Erie  Preserving  Co., 
Buffalo.  N.  Y.     1908.  Became  Dir.,  Columbus  Iron  &  Steel  Co.,  Columbus,  Ohio. 

1909,  Gen.  Supt.,  coal  mines  and  coking  plant,  Marting,  Fayette  Co.,  W.  Va.  1914. 
Genl  Mgr.,  Rising  Sim  Min.  Co.,  mining  zinc  ores,  Mo.  and  Ark.  1915,  Pres.  and 
Gen'l  Mgr.,  Nevada  Smelt.  Co.,  Nevada,  Mo.  1915,  Sec'y  and  Dir.,  Cherokee  Smelt 
Co.,  Cherokee,  Kan.  1915,  TVeas.  and  Gen'l  Mgr.,  American  Star  Antimony  Co., 
Gillham,  Ark.  All  above  companies  subsidiary  to  Columbus  Iron  &  Steel  Co.  1917, 
Vice-Pres.,  Ohimo  Min.  Co.,  Miami,  Okla. 

Present  position — 1917  to  date:  Officer  in  above  six  companies. 

Edwin  Stanton  Fickes,  Pittsburgh,  Pa. 

Proposed  by  H.  S.  Harrop,  S.  A.  Taylor,  W.  A.  Luce. 

Bom  1872.  Steubenville,  Ohio.  1894,  Grad.,  Rensselaer  Polytechnic  Institute, 
Troy,  N.  Y.j  C.  E.  1894-96,  Water  works  construction,  in  charge  construction,  coal- 
min.  plant;  m  charge  bridge  repairs,  etc.,  Wilkins  &  Davison,  Pittsburgh,  Pa.  1896- 
97,  Building  mill  for  National  Tube  Co.;  building  bridge  over  Ohio  Kiver,  Herman 
Laub  Co.,  Pittsburgh,  Pa.  1897-9,  Building  coal-min.  pla^t :  surveys,  sewerap, 
grading;  building  water  works;  Wilkins  &  Davison,  Pittsburgh,  Pa.  1899,  Designrng 
96th  St.  power  house  and  hydro-electric  works,  F.  S.  Pearson,  New  York. 

Present  position — 1899  to  date:  Chief  Engr.  in  charge  of  engineering,  mining, 
traffic  &  purehasing.  Aluminum  Company  of  ^onerica. 

Edgar  Harold  Gould,  White  Pine  Mine,  Mich. 

Proposed  by  Ocha  Potter,  C.  H.  Benedict.  A.  H.  Wohlrab. 

Bom  1887,  West  Brookfield,  Mass.     1907,  Grad.,  Battle  Creek  High  School, 
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Mich.    1907-8,  Umv.  of  Michigan.     1008-11,  Miohi^n  College  of  Mines,  E.  M. 

1911,  Practical  timbering,  min^  Superior  Copper  Co.,  Houghton,  Mich.     1912,  Effi- 
eiency  Engr.     1913-15,  Min.  Cfapt.,  Osceola  Min.  Co.,  Kearsarge,  Mich. 

IVesent  position — 1915  t<5  date:  Asst.  Supt.,  White  Pine  Copper  Co. 

Richard  Jay  Gould,  Yeager,  Ky. 

Proposed  by  H.  S.  Adkins,  H.  E.  Bullock,  E.  B.  Snider. 

Bom  1888,  Parkersburg,  W.  Va.  1911,  West  Virginia  Univ.,  B.  S.  and  E.  M. 
1011-13,  Chief  Eng.,  Brother  Valley  Coal  Co.,  Macdonaldton,  Pa.  1913-15,  Asst. 
Eng.,  W.  G.  Wilkins  Co.,  Huntington,  W.  Va.  1915-17,  Chief  Eng.,  Collins  interest*, 
Louisville  Coal  &  Coke  Co.,  Bramwell,  W.  Va. 

Present  position — 1917  to  date:  Gen.  Mgr.,  Elkhornseam  Collieries  Co. 

Bdward  Center  Groesbeck,  Washington,  D.  C. 

Proposed  by  Henrv  M.  Howe,  Bradley  otoughton,  John  Howe  Hall. 

Bom  1881,  Albany,  N.  Y.  1904,  Grad.,  ^liams  College,  B.  A.  1906^  Grad., 
Massachusetts  Institute  of  Technology,  S.  B.  1909,  Williams  College,  Honorary 
De||ree  of  M.  A.  1906-09,  Asst.  to  Prof.  Henry  M.  Howe  in  professional  and  investi- 
gation work  in  iron  and  steel  metallurgy.  1909-11,  Devoted  largelv  to  study.  1911, 
Asst.,  Met.  Lab.,  Taylor  Iron  &  Steel  Co.  (now  Taylor- Wharton  L-on  &  Steel  Co.), 
High  Bridge,  N.  J.  1912-17,  Chem.;  Met.;  Research  Asst.,  Pittsfield  (Mass.)  Works 
Laboratory,  General  Electric  Co. 

Present  position — 1917  to  date :  Asst.  to  Prof.  Henry  M.  Howe,  engaged  in  research 
work  in  iron  and  steel  metallurgy. 

Frank  E.  Grant,  Ruth,  Nev. 

Proposed  by  R.  E.  H.  Pomeroy,  J.  C.  Kinnear,  C.  B.  Lakenan. 

Bom  1869,  Donner  Lake,  Cal.  1878-86.  Public  schools.  1886-89.  Locomotive 
fireman.  1889-1901,  Locomotive  Eng.  1901-10,  Mgr.,  hardware  busmess.  1910- 
IS,  Supt.,  steam-shovel  operations,  Utah  Constr.  Co.,  Saalt  Lake  City,  Utah. 

Present  position:  Supt.,  Steam-shovel  Mines,  Nevada  Cons.  Copper  Co. 

Hugo  E.  Hanser,  Muscle  Shoals,  Ala. 

Proposed  by  W.  S.  Larsh,  Lindsay  Duncan,  R.  E.  H.  Pomeroy. 
Bom  1889,  Brooklyn,  N.  Y.     1911,  Grad.,  Univ.  of  Nevada,  B.  S.     1911-12, 
Miscellaneous  employment  about  mines  and  mills,  Tonopah  and  Goldfield,  Nev. 

1912,  Exploration  work.  Railroad  Valley,  Saline  Co.,  Nev.;  on  engr.  staff,  Nevada 
CJons.  Copper  Co.,  Ruth,  Nev.;  Miner,  Giroux  Cons.  Mines  Co.,  Kimberly,  Nev. 
1912-13,  Roaster  dept.,  smelter,  Nevada  Cons.  Copper  Co.,  McGill,  Nev.  1913, 
Engineering  Rochester  iDist.,  Nev. ;  smelter,  Thompson,  Nev. ;  Timberman,  Tonopah- 
Behnont  mmes,  Tonopah,  Nev.;  leasing  and  prospecting,  southwestern  Nev.;  ad- 
mitted to  Bar,  Nevada  Supreme  Court.  1914,  Timberman,  Tonopah-Belraont  Mine, 
Tonopah,  Nev.;  leasing,  OUnghouse  Dist.,  Nev.;  with  Nevada  Engineering  Works, 
Reno,  Nev. ;  prospecting,  southern  Nevada.  1914-15,  Cyanide  plant,  Aurora  Cons. 
Mines  Co.,  Aurora,  Nev.  1916-17,  Designing  Draftsman,  Nevada  Cons.  Copper  Co., 
McGill,  Nev.  1917,  Designing  Draftsman,  Nevada  Cons.  Copper  Co^,  Ruth,  Nev. ; 
Mineral  exploration  work,  Irvmg,  N.  Y.  1918,  Engr.,  Const.  Dept.,  Public  Service 
Commission,  1st  Dist..  New  York  City. 

Present  position:  Asst.  Master  Mechanic,  Plant  No.  2,  Air  Nitrates  Corpn. 

Kenneth  Conrad  Heald,  Washington,  D.  C. 

Proposed  by  David  White,  Philip  S.  Smith,  F.  L.  Ransome. 

.Bom  1888,  Bennin^n,  N.  H.  1907-12,  Colorado  College.  B.  S.  1913-14,  Yale 
"niv.  1909-14,  Experience  in  examination  of  coal  and  oil  lands,  U.  S.  Geol.  Survey. 
1912,  Member,  Yale  Peruvian  Expedition.  1915,  Appointed  to  scientific  staff.  U.  S. 
Geol.  Survey.  1916-18,  In  charge  of  oil  and  gas  geologic  investigations.  Autnor  of 
i^rt  on  oil  and  gas  geol.  of  the  Foraker  Quadrangle,  Okla.,  Buu.  641-B;  a  report  on 
geologic  structure  of  northwestern  part  of  Pawhuska  Quadrangle,  Okla.,  BvU.  691-C, 
and  others. 

Present  position:  Associate  Geol.,  U.  S.  Geological  Survey. 

Archibald  Jones,  Pittsburgh,  Pa. 

Proposed  by  W.  R.  Ihgalls,  A.  D.  Terrell,  Otto  Rissmann. 

Bom  1872,  Swansea.  Wales.  1891,  Grad.,  Chem.,  Univ.  of  Virginia.  1891-1904, 
Chem.,  Bertha  Zinc  Co.,  Pulaski,  Va.  1895-1907,  Chem.,  with  Charles  Catlett, 
Staunton,  Va.;  Virginia  Iron  and  Ry.  Co.,  Goshen,  Va.     1897-99,  Prospecting  in 
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Ark.,  built  zinc  smelt,  plant,  Sandoval,  111.     1899-1908,  Chem.  and  Supt.,  Lanyon 
Zinc  Co.,  William  Lanyon  Zinc  Co.,  Prime  Western  Spelter  Co.,  lola,  Kan.    1908-16, 
Supt.,  Bartlesville  Zinc  Co.  and  Lanyon  Starr  Zinc  Co.,  Bartlesville,  Okla.    1915-17, 
Geii'l  Mgr.,  American  Zinc  &  Chemical  Co.,  L^igeloth,  Pa. 
Present  position :  Met.,  American  Steel  &  Wire  Co. 

Fred  Jones,  Victor,  Colo. 

Proposed  by  Thomas  B.  Crowe,  F.  L.  Smale,  L.  W.  Lennox. 

Bom  1876,  Dallas,  Tex.  1900,  Grad.,  Colorado  School  of  Mines,  E.  M.  1900- 
03,  Surveyor,  Stratton  Min.  &  Dev.  Co.,  Victor,  Colo.  1903,  Surveyed  coal  lands, 
ditches  and  reservoir  sites  in  Colorado.  1903-06,  Asst.  Surveyor,  Portland  Gold 
Min.  Co.,  Victor,  Colo.  1906-07,  Asst.  to  J.  R.  Finlay  in  examinations.  1907-14, 
Engr.,  Portland  Gold  Min.  Co. 

Present  position — 1914  to  date:  Supt.,  Portland  Mine. 

Charles  A.  Kirtley,  Norfolk,  Va. 

Proposed  by  WilUam  M.  Bradley,  J.  M.  Callow,  Ernest  Gayford. 

Bom  1883,  Jackson,  Mich.  1905,  Grad.,  Univ.  of  Chicago,  Ph.  B.  1905-07, 
Assisted  S.  R.  Capps  in  field  work  for  the  "Pleistocene  of  the  I^adville  Quadrangle" 
published  by  U.  S.  Geolo^cal  Survey;  Sec'y  to  Mr.  White,  Robert  Keith  Co.,  Kansas 
City,  Mo.  1907-09,  Mmer  and  steamnshovel  man,  Utah  Copper  Co.,  Bingbam 
Cons.  Co.  and  Centennial  Co.,  Eureka,  Utah.  1909-13,  Various  positions  in  subor- 
dinate and  full  charge  of  construction  work.  1913-14,  Asst.  Supt.  of  Construction 
and  Mill  Foreman,  Gold  Mountain  mines.  1914-17,  Specialty  salesman  with 
various  houses. 

Present  position — 1917  to^date:  Oiler,  United  States  Navy. 

Kenji  Kobayashi,  Hokkaido,  Japan. 
Proposed  by  M.  S.  Hachita,  A.  C.  Stahl,  John  Lloyd. 

Bom  1873,  Nagasaki,  Japan.  1902,  Grad.,  School  of  Mines,  Tokyo  Univ. 
1902-05,  Asst.  Supt.,  Mitsui  mmes. 

Present  position — 1905  to  date :  Supt.,  Mitsui  Coal  Mine,  Noborikawa. 

Frank  Evans  Lewis,  El  Paso,  Tex. 

Proposed  by  J.  L.  Bruce,  D.  Harrington,  Walter  E.  Burlingame. 

Bom  1880,  Denver,  Colo.  1887-97,  Public  Schools  and  Manual  Training  High 
School,  Denver,  Colo.  1897-1901,  Colorado  School  of  Mines,  E.  M.  1902-06, 
Location  Engr.,  Colorado  Telephone  Co.  1906-07,  Sampler,  surveyor,  assayer  and 
chem.,  Southwest  Smelt.  &  Eefin.  Co.,  Orogrande,  N.  M.  1907,  Ampler,  assayer, 
surveyor,  Japan-Flora  Co.;  Telluride.  Colo.  1908,  Sampler,  surveyor,  assayer, 
Tomboy,  Atlas  and  Silver  Pick  mines,  San  Juan.  1909-10,  Surveying,  location  work, 
Central  Colorado  Power  Co.  and  Denver  Reservoir  Irrigation  Co.  1911,  Mill  work 
and  amalgamator,  Revenue  Tunnel  Co.,  Ouray,  Colo.  1911-12,  Amalgamator  and 
Engr.,  Liberty  Bell  Min.  Co.  1912-15,  Engr.  and  Acting  Mine  Supt.,  Mines  Company 
of  America,  Mexico.  1916,  Examinations,  scouting,  prospecting,  John  A.  HasseH 
Los  Angeles,  Cal.  1917,  Flotation  Research  Dept.,  Butte-Superior  Co.,  Butte,  Mont. 
1917-18,  Supt.,  Aztec  mines.  Maxwell  Land  Grant  Co. 

Present  position :  Mill  designer,  David  Cole,  El  Paso. 

Ralph  A.  Meyer,  HiU  City,  S.  D. 

Proposed  by  H.  D.  McCaskey,  Harvey  S.  Mudd,  Seeley  W.  Mudd. 

Bom  1884,  Liverpool,  England.  1901-04,  Government  School  of  Mines,  Corn- 
wall, England,  E.  M.  1904-05,  London  Univ.,  London^  England,  B.  S.  1905706, 
Royal  School  of  Mines,  Freiberg,  Germany.  1908,  Associate  Member,  Royal  Society 
of  Arts,  London,  England.  1906-11,  Mine  Supt.  and  Asst.  Engr.,  Nova  Scotia  mines, 
Shamrock  mine.  Kerr  Lake  mine,  Porcupine  Success  gold  mmes,  Ontario,  Canada. 
1911-15,  Consulting  work.  El  Paso,  Tex.,  covering  the  States  of  Chihuahua,  Sonora 
and  Durango,  Mexico.  1916-17,  Consulting  work,  Los  Angeles,  Cal.  and  Oatman, 
Ariz.  1917-18,  Royal  Fljring  Corps,  Canada,  honorable  discharge.  May  16,  1918, 
due  to  serious  accident. 

Present  position:  Cons.  Engr.,  and  Engr.  in  charge,  American  Tin  &  Tungsten  Co. 

Fred  Howard  Moffit,  Washington,  D.  C. 

Proposed  by  George  Otis  Smith,  Philip  S.  Smith,  David  White. 

Bom  1874.  Princeville,  111.  1895,  Grad.,  Williams  CoUege,  B.  A.  1899,  Grad., 
Lafayette  College,  Pa.,  M.  A.  1902-03,  Columbia  Univ.,  N.  Y.  1899-1902,  In- 
Btructor  in  mathematics  and  graphics,  Mm.  Engr.  Dept.,  Lafayette  College,  Easton, 
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Pa.  1895-1902  (Summers),  Field  Aaat.,  U.  S.  Geol.  Survey.  1903-10,  Aflst.  Geol., 
U.  S.  Geol.  Survey. 

Present  position — 1910  to  date;  Geol.,  U.  S.  Geological  Survey,  Divisi9n  of 
Alaskan  Mineral  Resources.  Have  published  25  papers  on  the  geology  and  mineral 
resources  of  Alaska,  U.  S.  Geol.  Survey,  Bulletins  247,  277,  374,  376,  417,  448,  498, 
53.3,  608,  675.  Cooperating  with  Major  Bagley  in  developing  a  method  of  mapping 
by  use  of  photographs  taken  from  airplanes,  Topographic  Branch,  U.  S.  Geological 
Survey. 

Wniiam  Bertolette  Plank,  Urbana,  111. 

Proposed  by  E.  A.  Holbrook,  F.  W.  DeWolf,  George  S.  Rice. 

Born  1886,  Morgantown,  Pa.  1908,  Pennsylvania  State  College,  B.  S.;1909, 
E.  M.  190S-Q9,  Instr.  in  mineralogy  and  geology,  Pennsylvania  State  College. 
1909,  Transitman,  Pennsvlvania  State  Highway  Surveys.  1909-11,  Engrg.  Dept., 
Philadelphia  &  Reading  Coal  &  Iron  Co.,  Shamokin,  Pa.  1912-16,  Engrg.  Dept., 
Pittsburgh  Coal  Co.,  Pittsburgh,  Pa. 

Present  position — 1916  to  date:  Min.  Eng.,  U.  S.  Bureau  of  Mines. 

Ralph  Yates  Pool,  Leadville,  Colo. 

Proposed  by  Hugh  C.  Watson,  H.  L.  Brown,  John  H.  White. 

Bom  1882,  Summers,  Ark.  1903,  Grad.,  Univ.  of  Arkansas.  1903-05,  Constr. 
and  operation,  G.  E.  Co.,  and  Metropolitan  St.  Ry.  Co.,  Kansas  City.  1906,  Design 
power  plants  and  apparatus.  T.  C.  Hughes  and  E.  H.  Abadie.  1907,  Chief  Electrician, 
constr.  and  operation,  U.  S.  Reclamation  Service.  1908,  Chief  Klectrician.  constr. 
and  operation,  Gold  Prince  Min.  &  Mill.  Co.  1909-10,  Master  Mech..  South  Canon 
Coal  Co.,  Southern  Colo.  1910-15,  Chief  Electrician.  Camp  Bird,  Ltd.  1916, 
Constr.  and  Mine  Supt.,  30,000  hp.  hydro  plant.  Iron  Silver  Mm.  Co.. 

Present  position — 1916  to  date:  Supt.,  Iron  Silver  Min.  Co. 

Edwin  Weir  Smith,  Houston,  Tex. 

Proposed  by  R.  A.  Conkling,  John  R.  Suman,  F.  B.  Plummer. 

Bom  1890,  Denison,  Tex.  Grad.,  Texas  A.  and  M.  College,  B.  S.  1909,  Topo- 
grapher, M.  O.  &  G.  R.  R.  Survey.  1910-12,  Petroleum  Technologist,  E.  F.  Sunnes 
U.,  Gulf  Coast  Fields.  1912-13,  Ch.  Engr.,  Freeport  &  Mexican  Fuel  Oil  Corpn., 
Tampico,  Mex.     1913-15,   Private  practice,  civ.  and  pet.  engr.,  Tampico,   Mex. 

1916,  Investigations,  Coastal  fields.  1915-16,  Asst.  Engr.,  Wayson  Co.,  Texaa  Road 
unp.  Dist.  1916,  Cons,  work  in  Mexico.  1916-17,  Cons,  work  and  investigations, 
California  and  Mexico.     1917,  Asst.  Engr.  Construction,  Camp  Logan. 

Present  position — 1917  to  date:  Asst.  Tech.  Supt.,  Texas  and  Louisiana  Division, 
Roxana  Petroleum  Co. 

William  Corbit  Spruance,  Jr.,  Washington,  D.  C. 

Proposed  by  Knox  Taylor,  Frank  L.  Connable,  W.  H.  Buell,  John  H.  Hall. 

Bom  1873,  Wilmington,  Del.  1890,  Friends'  School,  Wilmingjton,  Del.  1895, 
Grad.,  Princeton  Universitv,  E.  E.  1895-96,  Shop  student,  Westmghouse  Electric 
&  Mfg.  Co.,  Pittsburgh,  Pa.  1896-97,  Asst.  Engr.,  Wilmington  City  Electric  Co., 
Wilmington,  Del.  1897-1900,  Practicing  Cons.  Engr.  1900-01,  Mgr.,  Cellulose 
Phxiucte  Co.,  Boston,  Mass.  1901-03,  Cons.  Engr.,  Wilmington,  Del.  1903-16, 
light.  Heat  and  Power  Engr.;  manufacture  of  explosives^   Cu  Pont  companies. 

1917,  Major,  Ordnance  Dept.,  U.  S.  R.,  duties  relating  to  military  powder  for  U.  S. 
Army,  Washin^n,  D.  C. 

Present  position:  Lieut.-Col.,  Ordnance,  National  Army. 

Harry  D.  Trounce,  Camp  Humphreys,  Va. 

Proposed  by  Horace  W.  Edmondson,  George  S.  Rice,  Jay  P.  Wood. 

Bom  1885,  Cornwall,  England.  1894-1904,  Christs  Hospital,  England.  1907- 
10,  Colorado  School  of  Mines.  1910-11,  Highway  constr.  and  min.,  Cal.  and  S.  D. 
1911-12,  Civil  Engre.,  private  practice,  San  Diego,  Cal.  1912-15,  Constr.  Eng., 
reinforced  concrete  bridges,  seawalls,  bldgs.,  etc.  1915-17,  2d  Lieut.;  1917,  1st 
Lieut.,  Royal  Engineers,  British  Army,  in  trenches,  Flanders,  French  front. 

Present  position :  Capt.,  Engineers  Reserve  Corp. 

an  Ward  WiUiams,  SaltiUo,  Coah.,  Mexico, 
posed  by  P.  K.  Lucke,  C.  Q.  Schlereth,  E.  F.  Salisbury. 
Bom  1882,  New  York  City.     New  York  High  School.     Private  tuition,  Columbia. 
1902,  Miner,  Ariz.     1903-04,  Miner,  Cal.    1904-05,  Shift  Boss,  Darien  Gold  Min.  Co., 
Panama,  C.  A.    1906,  Miner,  Col.  and  Calif.     1907-08,  Foreman,  Butters  Salvador 
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mines,  Salvador,  C.  A.  1909-10,  Tiixiberman  and  Shift  Boss,  various  parts,  U.  S.  A. 
1910,  Foreman,  Central  Eureka,  Gal.  1910-12,  Mine  Capt^  South  America  Dev.  Co., 
Ecuador,  S.  A.  1912-15,  Mine  Foreman,  Cia  Minera  de  Penoles,  Durango,  Mexico. 
1915,  Concrete  Foreman,  Lexington  Ave  Subway.  New  York. 

Present  position — 1915  to  date:  District'  Supt.,  Cia  Minerales  y  Metales,  Zaca- 
^tecas,  Mexico. 

Associates 

M.  T.  Chang,  Pittsburgh,  Pa. 

Proposed  by  S.  L.  Goodale,  Robert  M.  Black,  Roswell  H.  Johnson. 
Bom   1893,  Hunan,  China.     1918,  Univ.  of  Pittsburgh,  M.  E.     1917  (1  Mo.), 
Asst.  Chem.,  Crucible  Steel  Co.  of  America. 

Present  position :  Physical  Laboratory,  Union  Swdtch  &  Signal  Co. 

Maurice  Donovan  Curran,  Toledo,  Ohio. 

Proposed  by  W.  A.  Perry,  John  N.  Reese,  John  E.  Perry. 

Bom  1893,  Jobs,  O.  1914,  Grad.,  School  of  Mines,  Ohio  State  Univ.,  E.  M. 
1914-15.  Learning  blast  furnace  business,  Burden  Clerk,  Foreman,  etc.  1915. 
Asst.  Ch.  Chem.,  Yoimgstown  Works.;  1915-16,  Ch.  Chem.  and  Supt.,  Benzol 
Plant,  Youngstown  Works;  191fr-17,  Supt.,  Benzol  Plant,  Toledo  Works;  1917-18, 
Asst.  Supt.,  Toledo  Works;  By-Product  Coke  Co. 

Present  position:  Supt.,  Toledo  Works,  By-Product  Coke  Co. 

Clyde  Marshall  Ney,  Globe,  Ariz. 

Proposed  by  D.  L.  Forrester,  Harold  S.  Duncan,  W.  G.  McBride. 

Bom  1889,  Franklin,  Ind.  1912-14,  New  Mexico  School  of  Mines.  1914-16, 
Texas  School  of  Mines,  M.  E.  1916-17,  Smelter  Foreman,  Braden  Copper  Co., 
Rancaqua,  Chile,  S.  A.  1917-18,  Transitman  (Underground),  Phelps-Dodge  Corpn., 
Tyrone,  N.  M. 

Present  position:  Stope  Engr.,  Old  Dominion  Copper  Co. 

Nelson  Howard  Partridgei  Denver,  Colo. 

Proposed  by  J.  A.  Porter,  Benjamin  B.  Lawrence,  Frank  L.  Sizer. 

Bom  1868,  Boston,  Mass.  1890,  Grad.,  Williams  College,  A.  B.  1893,  Went 
to  Cripple  Creek,  Colo,  and  during  the  greater  part  of  the  time  since  have  been 
interested  in  the  business  of  mining,  leasing,  investigating;  properties  and  acquiring 
interests  in  behalf  of  myself  and  of  societies  in  Colo.,  Anz.  and  Mexico.  1906-07, 
Was  one  of  the  owners  of  the  Planet  mine,  Yuma  County,  Ariz.,  and  exce]>t  during 
the  summer  months  had  charge  of  the  development  work  there.  My  experience  hu 
been  mainly  with  the  business  side  of  mining  and  such  limited  technical  knowledge 
as  I  may  have  has  been  acquired  in  connection  therewith  and  from  reading. 

Present  position :  As  above. 

Harold  Robert  Shidel,  Bartlesville,  Okla. 

Proposed  by  Everett  Carpenter,  L.  C.  Snider,  Alexander  W.  McCoy. 

Bom  1894.  Waukesha,  Wis.  1915,  Grad.,  Univ.  of  Utah,  Salt  Lake  City,  Utah, 
B.  S.  1916,  Min.  surveying,  Alta,  Utah.  1915-16,  Mine  and  mill  operation.  Col. 
Wall  mill  and  mine:  Jay  Gould  mine.  Bingham,  Utah.  1916-18,  Field  and  office 
geology.  Empire  Gas  &  Fuel  Co.,  Bartlesville,  Okla. 

Present  position:  GeoL,  Empire  Gas  &  Fuel  Co. 

James  Sidney  Veatch,  Denver,  Colo. 

Proposed  by  Chester  A.  Hammill,  A.  E.  Anderson,  W.  S.  Dickson. 

Bom  1888,  Rockport,  Ind.  1903,  Grammar  school,  St.  Louis.  Mo.  1903-07, 
Hifi^h  School,  St.  Louis,  Mo.  1908,  Business  course,  St.  Louis  Business  College. 
1909-17,  Sales  force,  H.  W.  Johns-Manville  Co.,  Joplin  District,  Mo.  1917-18, 
Special  tuition  in  Elect.  Engrs. 

Present  position — 1917  to  date:  Sales  Agent,  The  Ohio  Brass  Co.,  Mansfield,  Ohio. 

George  Frederick  Vivian^  Butte,  Mont. 

Proposed  by  Theodore  Sunons,  C.  H.  Clapp,  Joseph  P.  Lyden. 

Born  1895,  Butte,  Mont.  1917,  Grad.,  Montana  State  School  of  Mines,  £.  M. 
1918  (Jan.  to  April),  Private,  Co.  A,  316th  Engrs.,  Camp  Lewis,  Wash.  1918  (May 
to  Jime),  Studentj  Fourth  Engineers  Reserve  Officers  Training  Corps,  Camp  Lee,  Vs. 

Present  position:  Second  Lieutenant,  Fourth  Engineers  Training  Regiment, 
N'ational  Army. 
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STANDING  COMMITTEES 


GEORGE  D.  BARRON 
EDWIN  LUDLOW 


Executive 

SIDNEY  J.  JENNINGS,  Chairman 


J.  E.  JOHNSON,  JR. 
ROBERT  M.  RAYMOND 


LEWIS  W.  FRANCIS 
LOUIS  D.  HUNTOON 


J.  E.  JOHNSON,  JR. 
ARTHUR  L.  WALKER 


Membership 

KARL  EILERS.  Chairman 

Finance 

GEORGE  D.  BARRON.  Chairman 
CHARI.ES  F.  RAND  BENJAMIN  B.  THAYER 

Library 

E.  GYBBON  SPILSBURY.i  Chairman 
ALEX  C.  HUMPHREYS"  GEORGE  C.  STONE* 

J.  H.  JANEWAY«  BRADLEY  STOUGHTON 

Papers  and  Pvblications 

BRADLEY  STOUGHTON.  Chairman 


PERCY  E.  BARBOUR 
WILLIAM  A.  COWAN 
H.  C.  PARMELEE 
THOMAS  T.  READ 

J.  L.  W.  BIRKINBINE 
WILLIAM  H.  BLAUVELT 
H.  A.  BRASSERT 
WILLIAM  CAMPBELL 
R.  M.  CATLIN 
ALLAN  J.  CLARK 
FREDERICK  G.  COTTRELL 
KARL  EILERS 
NATHANIEL  H.  EMMONS 
JOHN  W.  FINCH 
CHARLES  H.  FULTON 
P.  LYN  WOOD  GARRISON 
ROBERT  C.  GEMMELL 
H.  W.  OILLETT 
CHARLES  W.  GOODALE 
HARRY  A.  GUESS 
R.  DAWSON  HALL 


EXECtTTIVE    COMMITTISK 


PHILIP  W.  HENRY 
HEINRICH  O.  HOFMAN 
WALTER  E.  HOPPER 
HENRY  M.  HOWE 
LOUIS  D.  HUNTOON 
J.  E.JOHNSON,  JR. 
WILLIAM  KELLY 
JAMES  F.  KEMP 
CHARLES  K.LEITH 
ANTHONY  F.  LUCAS 
EDWARD  P.  MATHEWSON 
HERBERT  A.  MEGRAW 
PAUL  D.  MERICA 
RICHARD  MOLDENKE 
SEELEY  W.  MUDD 
R.  V.  NORRIS 
EDWARD  W.  PARKER 


JOSEPH  W.  RICHARDS 
GEORGE  C.  STONE 
SAMUEL  A.  TAYLOR 

NATHANIEL  K.  B.  PATCH 
R.  M.  RAYMOND 
ROSSITER  W.  RAYMOND 
ROBERT  H.  RICHARDS 
L.  D.  RICKETTS 
HEINRICH  RIE8 
RENO  H.  SALES 
ALBERT  SAUVEUR 
HENRY  L.  SMYTH 
A.  A.  STEVENSON 
RALPH  H.  8WEETSER 
GEORGE  D.  VAN  ARSDALE 
ARTHUR  L.  WALKER 
ROLLA  B.  WATSON 
HORACE  V.  WINCHELL 
FREDERICK  W.  WOOD 
DWIGHT  E.  WOODBRIDGE 


C.  H.  MacDOWELL 
C.  W.  WHITLEY 


Nominaiions 

R.  V.  NORRIS,  Chairman 
WALTER  H.  ALDRIDGE 
WALTER  DOUGLAS 
D.  W.  BRUNTON 

Institute  of  Metals  Division 

WILLIAM  M.  CORSE.  Chairman 
FRED  L.  WOLF.  Secretary,  Ohio  Brass  Co.,  Mansfield,  Ohio 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

New  York 

Meets  fint  Wednesday  after  first  Tuesday  of  each  month. 

AIXEN  H.  ROGERS,  Chairman  H.  C.  PARMELEE,  Vid^^hairman 

FOREST  RUTHERFORD,  Vice-chairman 


J.  E.  JOHNSON.  Jr 


W.  8.  DICKSON,  Secretary,  71  Broadway,  New  York,  N.  Y. 

F.  T.  RUBIDGE 


P.  G.  8PIL8BURY 


Boston 


Meets  first  Monday  of  each  winter  month . 
ALFRED  C.  LANE.  Chairman  G.  A.  PACKARD,  Vic^chairman 

E.  E.  BUGBEE,  Secretary-Tretuurer,  Mass.  Inst,  of  Technology,  Cambridflre,  Mass. 
R.  L.  AGASSIZ  FRED  W.  DENTON 

Columbia 
Holds  four  sessions  during  year.     Annufl  meeting  in  September  or  October. 

8.  8.  FOWLER,  Chairman  J.  C.  HAAS.  Vice-chairman 

LYNDON  K.  ARMSTRONG.  Secreiary-Tnaeurer,  720  Peyton  BIdg..  Spokane.  Wash. 
W.  H.  LINNEY  J.  F.  McCARTHY 


>  Until  Feb.,  1919. 


•Until  Feb.,  1920 


•Until  Feb.,  1921. 


«  Until  Feb..  1922. 
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Puget  Sound 

Meets  second  Saturday  of  each  month. 

HENRY  LANDES,  Chairman  GEORGE  E.  ROCKEFELLER,  riet-chairman 

PERCY  E.  WRIGHT,  Secretary-Treaturer,  2012  L.  C.  Smith  Bldg.,  Seattle,  Wash. 
SIMON  H.  ASH.  CHARLES  SIMENSTAP 

Southern  California 

RALPH  ARNOLD,  Chairman  WILLIAM  F.  STAUNTON,  Vice-chairman 

ALVIN  B.  CARPENTER,  Seeretary-Treawrer,  630  Citizens   National  Bank  Bldg.,  Los  Angeles,  Cal. 
A.  B.  W.  HODGES  LESLIE  C.  MOTT 

C.  COLCOCK  JONES  JAMES  W.  NEILI. 

Colorado 

CHARLES  M.  MacNEILL,  Chairman  GEORGE  M.  TAYLOR,  Vice-chairman 

FRED  CARROLL,  Secretary-Treasurer,  State  Capitol,  Denver,  Colo. 
W.  W.  CASE  H.  E.  COLLBRAN 

Montana 

N.   B.   BRALY,   Chairman  B.   H.    DUNSHEE.    Vice-chairman 

E.  B.  YOUNG,  Seeretary-Treagurer,  526  Hennesy  Building,  Butte,  Mont. 
F.  W.  BACORN  C.  D.  DEMOND 

San  Francisco 

Meets  second  Tuesday  of  each  month . 

A.  C.  LAWSON,  Chairman  ROY  H.  ELLIOT! .  Viee-ehairman 

W.  H.  SHOCKLEY,  Secretary-Treaeurer,  959  Waverley  St.,  Palo  Alto.  Cal. 
T.  A.  RICKARD  C.  F.  TOLMAN,  JR, 

Pennsylvania  Anthracite 

R.  V.  NORRIS.  Chairman 
CHARLES  F.  HUBER,   Vice-chairman  EDWIN  LUDLOW,  Vice-chairman 

W.  J.  RICHARDS,  Vice-chairman  ARTHUR  H.  STORRS,  Vict-chairman 

PAUL  STERLING,  Secretary-Treasurer,  Lehigh  Valley  Coal  Co.,  Wilkes-Barre,  Pa. 
DOUGLAS  BUNTING  W.  W.  INGLIS  HENRY  W.  MONTZ 

JOHN  M.  HUMPHREY  EDWARD  E.  KAERCHER  ROBERT  A.  QUIN 

St.  Louis 

EUGENE  McAULIFFE.  Chairman  J.  N.  HOUSER,  VioB-chairman 

VICTOR  RAKOWSKY,  Vice-chairman  H.  G.  WASHBURN,  Vice-chairman 

WALTER  E.  McCOURT,  Secretary-Treasurer,  Washington  Univ.,  St.  Louis.  Mo. 
H.  A.  BUEHLER  G.  H.  COX  L.  C.  GLENN 

E.  A.  HOLBROOK  W.  E.  NEWNAM 

Chicago 

CHARLES  H.  MacDowell,  Chairman  ^LUTHER  V.  RICE,  Vice-chairman 

HENRY  W.  NICHOLS,  Secretary-Treaeurer,  Field  Museum  of  Natural  History.  Chicago,  111. 
ALEXANDER  K.  HAMILTON  G.  P.  HL^ST 

HENRY  P.  HOWL  AND  FREDERICK  T.  SNYDER 

Utah 

WILLIAM  WRAITH,  CAoirman  ^ CECIL  FITCH,  Vice-chairman 

F.  G.  MOSES,  Secretary-Treaeurer,  University  of  Utah,  Salt  Lake  City,  Utah. 
ERNEST  GAYFORD  E.  R.  ZALINSKI 

Arizona 

L.  O.  HOWARD,  Chairman 
NORMAN  CARMICHAEL,  1««  Vice-chairman  J.  C.  GREENWAY,  2d  Vice-chairman 

H.L.  NORTON.  Secretary-Treasurer,  Globe.  Arix. 
L.  S.  GATES  F.  W.  MACLENNAN  R.  E.  TALLY 

Nevada 

R.  E.  H.  POMEROY,  Chairman  J.  C.  JONES,  Vice-chairman 

HENRY  M.  RIVES.  Secretary-Treasurer,  210  Reno  National  Bank  Bldg.,  Reno,  Nev. 
W.  H.  BLACKBURN  FREDERICK  BRADSHAW  C.  B.  LAKENAN 

EMMET  D.  BOYLE  J.  W.  HUTCHINSON  WHITMAN  SYMMES 

JOHN  G.  KIRCHEN 

Mexico 

(Instituto  Mexicano  de  Minus  y  Mctalurgia) 

VICTOR  M.  BRASCHI,  Chairman,  Committee  on  Organisation 

Tulsa 

ALF.  G.  HEQGEM,  Chairman  ALEXANDER  DEUSSEN,  Vire-chairman 

CHARLES  H.  TAYLOR.  Vice-chairman 
M.  M.  VALERIUS,  Junior  Vice-chairman  ERASMUS  HAWORTH.  Vice-chairman 

JAMES  H.  GARDNER,  Secretary-Treasurer,  Tulsa,  Okla. 
IRVING  PERRINE  J.  J.  RUTLEDGE  S.  H.  WORRELL 
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Washington,  D.  C. 

HERBERT  C.  HOOVER.  Chairman 
H.  FOSTER  BAIN,  Vice-ehairman  DAVID  WHITE,  Vice-chairman 

HARVEY  S.  MUDD,  Secretary-Treaturcr,  Room  2114,  Dept.  of  Interior  Bldg. 
J.  F.  CALLBRBATH  HENNEN  JENNINGS  E.  W.  PARKER  T.  T.  READ 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 

STUDENT  SOCIETIES 

CHARLES  H.  FULTON,  Chairman 


Vice-chairmen 
EDWIN  C.  HOLDEN 
FREDERICK  W.  SPERR 
WALTER  R.  CRANE,  Secretary,  PennBylvania  SUte 


LUTHER  W.  BAHNEY 
DARSIE  C.  BARD 
ROBERT  H.  BRADFORD 
SAMUEL  W.  BEYER 
GUY  H.  COX 
JOSEPH  DANIELS 
NOAH  F.  DRAKE 
FRANK  W.  DURKEE 


HOWARD  ECKFELDT 
DAVID  M.  FOLSOM 
R.  R.  GOODRICH 
CHARLES  E.  LOCKE 

JAMES  F.  McClelland 

HARRY  B.  MELLPR 
WALTER  S.  MORLEY 
HENRY  S.  MUNROE 


GEORGE  J.  YOUNG 

College,  State  College,  Pa. 
CHARLES  J.  NORWOOD 
H.  C.  PARMELEE 
GEORGE  S.  RAYMER 
HEINRICH  RIES 
HENRY  L.  SMYTH 
HARRY  H.  STOEK 
FRANCIS  A.  THOMSON 
CLINTON  M.  YOUNG 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

J.  V.  N.  DORR,  Chairman 

FOREST  RUTHERFORD.  First  Vice-chairman 

H.  C.  PARMELEE,  Secretary,  Chem.  A  Met.  Eng.,  10th  Ave.  &  36th  St.,  New  York,  N.  Y. 


L.  K.  ARMSTRONG 
C.  H.  BENEDICT 
ELI  T.  CONNER 
DORSEY  HAGER 
G.  P.  HULST 


FRANK  L.  ANTISELL 

C.  E.  ARNOLD 
FRANKLIN  BACHE 

D.  C.  BARD 
LOUIS  V.  BENDER 
SAMUEL  W.  BEYER 
NOR!WAN  B.  BRALY 
G.  S.  BROOKS 
ALAN  BRUYERE 
FRANK  BULKLEY 
FRED  CARROLL 
THOMAS  H.  CLAGETT 
G.  M.  COLVOCORESSES 
ARTHUR  CROWFOOT 
H.  W.  DU  BOIS 

J.  A.  EDE 
L.  V.  EMANUEL 
NEWTON  W.  EMMENS 
J.  N.  ESSELSTYN 
ERNEST  GAYFORD 
H.  W.  HARDINGE 


Vice-chairmen 


Committee 

ENOCH  HENDERSON 
HERBERT  B.  HENEGAR 
FRANK  R.  HEWITT 
JOSEPH  T.  HILLES 
C.  B.  HOLLIS 
T.  A.  JANNEY 
ZAY  JEFFRIES 
OLAF  P.  JENKINS 
FRANK  G.  JEWETT 
ARTHUR  G.  JOHNSON 
F.  F.  JORGENSEN 
C.  B.  LAKENAN 
LEONARD  LARSON 
E.  T.  LEDNUM 
CHARLES  LEGRAND 
EUGENE  McAULIFFE 
ROBERT  McCART,  Jr. 
JOHN  H.  McCHRYSTAL 
W.  E.  McCOURT 
V.  H.  McNUTT 
T.  W.  MATHER 


P.  M.  McHUGH 
H.  L.  WILLIAMS 
DWIGHT  E.  WOODBRIDGE 
R.  B.  WOODWORTH 


E.  P.  MATHEW80N 
T.  POOLE  MAYNARD 
H.  W.  MORSE 
HENRY  W.  NICHOLS 
C.  C.  O'HARRA 
FRANK  H.  PROBERT 
JOSEPH  W.  RICHARDS 
OTTO  RISSMANN 
W.  W.  ROSE 
FRANK  L.  SIZER 
LEWIS  STOCKETT 
WALTER  G.  SWART 
ARTHUR  M.  SWARTLEY 
ARTHUR  F.  TAGGART 
JOHN  C.  TAYLOR 
WILLIAM  D.  WALTMAN 
JESSE  B.  WARRINER 

E.  R.  WASH 

W.  Y.  WESTERVELT 

F.  R.  WICKES 
BERKELEY  WILLIAMS 
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INSTITUTE  REPRESENTATIVES 

United  Engineering  Society  Trustees 
CHARLES  F.  RAND'  W.  L.  SAUNDERS*  BENJAMIN  B.  THAYER' 

Engineering  Foundation 
R.  M.  RAYMOND!  J.  W.  RICHARDS  BENJAMIN  B.  ^HAYER' 

Library  Board,   United  Engineering  Society 

ALEX  C.  HUMPHREYS*  E.  GYBBON  SPILSBURY' 

J.  H.  JANEWAY*  BRADLEY  STOUGHTON  GEORGE  C.  STONE* 

John  Fritz  Medal  Board  of  AtDard 

C.  R.  CORNING«  E.  GYBBON  SPILSBURY* 
CHARLES  B*.  RAND'  BENJAMIN  B.  THAYER' 

Engineering  Council 
J.  PARKE  CHANNING'  B.  B.  LAWRENCE' 

S.  J.  JENNINGS'  P.  N.  MOORE*  EDWIN  LUDLOW* 

American  Association  for  the  Advancement  of  Science 
WALDEMAR  LINDGREN  JOSEPH  B.  TYRRELL 

Committee  on  Standardization  of  Graphical  Methods 
JUDD  STEWART 

Joint  Committee  on  War  Minerals 
WILLIAM  Y.  WESTERVELT 

Committee  on  Mining  Law  Revision 

JAMES  R.  FINLAY  HENNEN  JENNINGS 

D.  C.  JACKLING  EDMUND  B.  KIRBY  C.  F.  KELLEY 

National  Research  Council 
P.  N.  MOORE 

Naval  Consulting  Board 

Membert 
WILLIAM  L.  SAUNDERS  BENJAMIN  B.  THAYER 

A»»ocicUe  Member 9 

STEPHEN  O.  ANDROS  FRANK  B.  GEARHART  J.  C.  RALSTON 

E.  J.  BABCOCK  J.  C.  GREENWAY  CHARLES  F.  RAND 
H.  R.  BATCHELLER  LAFAYETTE  HANCHETT  FRANK  D.  RASH 
PHILIP  R.  BRADLEY  C.  B.   HOLLIS  R  H.  RICHARDS 

J.  L.  BRUCE  GEORGE  P.  HULST  C.  8.  ROBINSON 

D.  W.  BRUNTON  FRANK  U.  HUMBERT  WALTER  M.  SAUNDERS 

ALLAN  J.  CLARK  HENNEN  JENNINGS  E.  A.  SAYRE 

F.  K.  COPELAND  S.  W.  McCALLIE  H.  L.  SCAIFE 

B.  F.  CKESSON.  Jr.  A.  J.   McQUATTERS  A.  M.  8WARTLEY 

ROBERT  N.  DICKMAX  C.  W.  MERRILL  PRIESTLEY  TOULMIN 

M.  M.  DUNCAN  P.  N.  MOORE  W.  E.  TRENT 

T.  C.  DU  PONT  F.  W.  ONEIL  M.  M.  VALERIUS 

STANLY  A.  E ASTON  WALTER  T.  PAGE  W.  D.  WALTMAN 

W.  E.  C.  EU8TIS  W.  H.  PEIRCE  I.  C.  WHITE 

J.  R.  FORDYCE  JOSEPH  H.  PRATT  ELI  WHITNEY 

H.  V.  WINCHELL 

Committee  on  Engineering  Education 
JOHN  HAYS  HAMMOND  HENRY  MARION  HOWE 

Conference  Committee  on  Proposed  Adoption  of  Metric  System 
GEORGE  F.  KUNZ  JOSEPH  W.  RICHARDS 

Joseph  A.  Holmes  Safely  Association 
HENNEN  JENNINGS 

Joint  Conference  Committee  on  American  Engineering  Standards 
J.  W.  RICHARDS  G.  C.  STONE  ARTHUR  L.  WALKER 

Joint  Committee  on  Water  Power  Development 
H.  HOBART  PORTER 

Washington  Medal  Commission  of  Award 
ROBERT  W.  HUNT*  CHARLES  H.  MacDOWELL* 


»  Until  Feb.,  1919.         *  Until  Feb.,  1920.         «  Until  Feb.,  1921.         «  Until  Feb.,  1922. 
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Pan-American  Engineering  CommiUee 

WALTER  H.  ALDRIDGE  W.  H.  LEONARD 

FREDERICK  K.  COPELAND  JOSEPH  W.  RICHARDS  P.  N.  MOORE 

Committee  an  MUitary  Engineering  of  New  York 

J.  PARKE  CHANNING  CHARLES  F.  RAND  BRADLEY  STOUGHTON 

ARTHUR  8.  DWIGHT  L.  D.  RICKETT8  WILLIAM  H.  WILEY 

ALEX  C.  HUMPHREYS  WILLIAM  L.  SAUNDERS 


COMMITTEE  ADVISORY  TO  THE  V.  S.  BUREAU  OF  MINES 

ARTHUR  P.  L.  BELL                       HENNEN  JENNINGS  ALBERT  R.  LEDOUX 

E.  W.  PARKER  L.  D.  RICKETTS 

EUctricUy  in  Minim/                                   Mine  SxploBiowi  Mine  Subeidenoe 

WnjJAM  KELLY                                   H.  M.  CHANCE  JAMES  F.KEMP 

THOMAS  H. LEGGETT                        FRANK  HAAS  R.  V.  NORRIS 

SAMUEL  A.  TAYLOR                            CARL  SCHOLZ  CHARLES  K.  LEITH 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 

Copper:  F.  L.  ANTISELL  Aluminum:  JOSEPH  W.  RICHARDS 

Lead:  ARTHUR  S.  DWIGHT  Zinc:  GEORGE  C.  STONE 

NicM:  JOHN  F.  THOMPSON 


COMMITTEE  ADVISORY  TO  THE  U.  S.  TARIFF  COMMISSION 

Ferroue  MetdU  Non-ferroua  MetdU 

J.  E.  JOHNSON ,  JB.  HERMAN  GARLICHS 

H.  D.  HIBBARD  F.  LYNWOOD  GARRISON 

RICHARD  PETERS,  Jb.  FOREST  RUTHERFORD 


WAR  MINERALS  COMMITTEE 


WILUAM  YOUNG  WESTERVELT.  Chairman, 

Representing  A.  I.  M.  E.,  and  M.  and  M.  Soc.  of  Am. 
ALFRED  G.  WHITE,  SecreUary, 
Representing  U.  S.  Bureau  of  Mines 
I  W.  O.  HOTCHKISS, 

'  Representing  Association  of  Amerioan  State  OeologiBts 

i  DAVID  WHITE, 

Representing  U.  S.  Geolo^cal  Survey 
I  HARVEY  S.  MUDD,  Aset.  Secretary 


Aeseciate  Members  from  the  A.  /.  M,  E, 

H.  A.  BUEHLER  S.  W.  McCALLIE  CHARLES  SIMENSTAD 

TKED  CARROLL  WILLET  G.  MILLER  H.  H.  STOEK 

N.  P.  DRAKE  EDMUND  NEWTON  JOSEPH  H.  TAYLOR 

R.  D.  GEORGE  H.  L.  NORTON  ARTHUR  L.  WALKER 

E.  A.  HOLBROOE  WILLLAM  C.  PHALEN  THOMAS  L.  WATSON 

EDWIN  LUDLOW  T.  A.  RICEARD  E.  B.  YOUNG 
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TECHNICAL  COMMITTEES 
Iron  and  Sted 

JOSEPH  W.  RICHARDS,  Chairman,  Lehi«h  Univ.,  So.  Bethlehem,  Pa. 
J.  E.  JOHNSON,  Jr.,  V,ce-chairman 

Sub-committees 


IRON  ORE 
DWIGHT  E.  WOODBRIDGE.  Chairman 


ERNEST  F.  BURCHARD 


WILLIAM  KELLY 


CHARLES  F.  RAND 


WILLIAM  H.  BLAUVELT 


BLAST  FURNACES 

H.  A.  BRASSERT,  Chairman 
AMBROSE  N.  DIEHL 
RICHARD  V.  McKAY 


JAMES  GAYLEY 


GUILLIAEM  AERT8EN 
FRANK  D.  CARNEY 


STEEL  WORKS 
HENRY  D.  HIBQARD,  Chairman 


C.  F.  W.  RYS 


J.  S.  UNGER 
WILLIAM  R.  WALKER 


CHARLES  A.  BUCK 


MECHANICAL  TREATMENT 
A.  A.  STEVENSON,  Chc'rman 


ROBERT  W.  HUNT 
GEORGE  MESTA 


FREDERICK  W.  WOOD 


JOHN  H.  HALL 


FOUNDRY 

RICHARD  m6LDENKE,  Chairman 

ENRIQUE  TOUCEDA 


CHEMISTRY,  PHYSICS,  AND  METALLOGRAPHY 

HERBERT  M.  BOYLSTON,  Chairman 
WILLIAM  CAMPBELL  JOHN  A.  MATHEWS  ALBERT  SAUVEUR 
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The  Metallography  of  Tungsten 

DiBcussion  of  the  paper  of  Zay  Jeffries,  presented  at  the  Colorado  meeting^  Sep* 
tember,  1918,  and  printed  in  Bulletin  No.  138,  June,  1018,  p.  1037. 

Sir  Robert  Hadpield,  London,  England  (written  discussion*). — ^We 
have  in  the  past  known  so  little  about  tungsten  that  an  important  paper 
such  as  Mr.  Zay  Jeffries  contributes  is  most  welcome. 

I  have  not  much  personal  knowledge  on  the  subject  except  as  regards 
combinations  of  iron  with  tungsten.  I  put  forward  the  results  of  my 
research  on  natural  alloys  in  1903,^  and  so  far  as  I  know  the  facts  there 
presented  still  stand. 

Singular  to  say,  tungsten  added  to  iron  affects  the  electrical  resistance 
leas  than  any  other  added  element.  The  following  tables  taken  from 
research  work  by  myself  and  Sir  William  Barrett  may  be  of  interest. 

Table  1. — Approximate  Spedjic  Electrical  Resistance  of  Iron  Alloys  at 

Different  Percentages  of  the  Added  Element 


AUoy  of  Iron 
with 


Percentage  of  Added  Element 


TiHigsten 15.5 

Nickel 19.0 

Chromium '  .... 

Manganese 23.5 

Silicon •  •  •  • 

AhTT"'""'^T^ '  27 . 0 


2 

16.5 
21.0 

■    •   ■    ■ 

28.0 

•   •   ■    • 

38.0 


17.2 
23.0 
24.0 
31.0 
46.0 
48.0 


•18.0 
25.0 
26.5 
34.0 
53.5 
57.0 


6 

18.5 
27.0 
29.0 
39.0 
69.0 
74.0 


Table  2. — Increase  in  Specific  Electrical  Resistance  {Microhms  per  Cubic 

Centimeter  at  18**  C.)  Produced  in  Iron  of  Corresponding 

Purity  by  AUoying  It  with  Various  Percentages 

of  the  Elements  Named 


Alloy  of  Iron  with 


2  Per  Cent.       4  Per  Cent.        6  Per  Cent. 


Tungsten 4.0 

Nickel 6.5 

Ghromiuni .... 

I^langanese 15.0 

Silicon 

Aluminium 25 . 5 


5.5 

6.0 

10.0 

12.5 

12.0 

14.0 

'       21.0 

26.0 

1       41.0 

55.5 

44.5 

61.5 

*  Received  Aug.  13,  1918. 

^  Jour,  Iron  and  Steel  Inst.  (No.  II,  1903),  64,  14. 


1528 


discussion:  Colorado  meeting,  1918 


The  following  is  the  summing  up  of  our  results:  Selecting  the 
middle  column  of  figures  and  dividing  it  by  4,  we  get  the  increase  of  re- 
sistance produced  by  the  addition  of  1  per  cent,  of  the  element  in  an  alloy 
containing  about  4  per  cent,  of  the  added  element.  This  is  shown  m 
the  next  table,  and  side  by  side  are  shown  the  specific  heat  and  the  atomic 
weight  of  the  elements  named  in  the  first  column. 

Table  3 


Iron  Alloyed  with 


Speoiflo  Re- 
sistanoe  of 
1  Per  Cent. 


Specific  He»t 


Tungsten r 

Cobalt 

Nickel 

Chromium 

Manganese 

Silicon 

Aluminium 


1.1 
2.2 
2.6 
3.0 
5.2 
10,3 
11.1 


0.035 
0.107 
0.109 

0.1(?) 
0.122 
0.183 
0.212 


Atomic 
Weight 


184 
59 

59 
52 
55 
28 
27 


Electrolytic  Zinc 

Discussion  of  the  paper  of  C.  A.  Hansen,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BvUetin  No.  135,  March,  1918,  p.  615. 

J.  L.  McK.  Yardley,*  Pittsburgh,  Pa.  (written  discussionf). — K 
is  interesting  to  observe  how  closely  Mr.  Hansen  agrees  with  other  in- 
vestigators to  the  effect  that  the  art  of  electrolytic  zinc  has  left  the  realm 
of  mystery.  In  his  introduction,  he  has  said  practically  what  Thomas 
French  said  in  his  paper  "The  Future  of  Electrolytic  Zinc."* 

The  successful  electrolysis  of  zinc  from  sulphate  solutions  has  not  been  an  easy 
matter,  and  it  is  only  within  recent  years  that  the  difficult  problem  of  depositing 
high-grade  zinc  has  been  satisfactorily  accomplished  on  a  commercial  basis.  The 
principal  requisite  is  that  the  electrolyte  shall  be  quite  free  from  certain  impurities. 
The  methods  by  which  freedom  from  these  impurities  is  assured  are  now  very  well 
understood,  and  with  experienced  superintendents  there  is  little  difficulty  in  obtaining 
a  high  efficiency  in  that  part  of  the  process. 

When  certain  underlying  principles  are  recognized,  the  difficulty  encountered  in 
dealing  with  the  filtration  of  the  acid  and  slimy  solutions  also  largely  disappears, 
although  it  has  been  a  Very  serious  one  to  the  uninitiated.  In  the  dissolving  of  the 
zinc  from  the  roasted  ore,  there  is  nothing  which  any  competent  chemical  engineer 
cannot  undertake,  and  any  other  operations  connected  with  the  electrolytic  process 
are  either  of  little  or  no  difficulty,  or  are  common  to  the  retort  process. 

Mr.  Hansen  also  agrees  with  R.  G.  Hall's  statement  in  "  Some  Eco- 
nomic Factors  in  the  Production  of  Electrolytic  Zinc:"^ 

*  Gen.  Engr.,  Westinghouse  Electric  and  Manufacturing  Co. 

t  Received  Aug.  10,  1918. 

1  Trans,  Am.  Electrochem.  Soc.  (1917),  82,  321. 

» BvU.  129  (Sept.,  1917),  1294.     Trans.  (1918),  57,  709. 
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The  requirement,  and  I  use  it  in  the  singular,-  for  the  electrolysis  of  sine  b  sine 
milphatei  and  zinc  sulphate  only.  Most  other  elements  foimd  in  the  solution  are 
harmful  to  the  electrolysis  of  sine  sulphate.  I  have  never  found  any  that  I  could 
confidently  say  were  beneficial.  This  requirement  seems  relatively  simple,  but  when 
it  is  understood  that  this  process  is  to  be  applied  to  such  a  complex  of  ore  minerals  as  is 
indicated  above  in  the  review  of  ore  deposits,  it  will  be  understood  that  the  production 
of  line  sulphate,  pure,  of  the  standard  strength,  is  not  the  easiest  problem  in  the  world. 
And  yet  it  is  only  this  problem  that  has  stood  in  the  way,  for  all  time  past,  of  the 
manufacture  of  zinc  electrolytically.  All  of  the  factors  necessary  to  the  production 
of  a  solid  coherent  plate  of  electrolytic  zinc  were  known  long  ago,  but  it  is  only  recently 
that  we  have  been  able  to  produce  this  piire  zinc  sulphate  on  a  commercial  basis  and  in 
laige  quantities,  and  have  been  able  to  obtain  the  electric  current  at  such  a  cost  as 
to  make  the  production  of  electrolytic  zinc  a  commercial  possibility. 

WhQe  it  is  doubtful  that  these  gentlemen  would  agree  concerning 
the  most  desirable  methods  for  carrying  out  all  the  various  parts  of  the 
process^  it  is  noteworthy  that  they  agree  concerning  the  essentials  in- 
volved. Perhaps  their  differences  regarding  details  would  not  be  so 
much  of  fact  as  of  experience.  The  important  point  is  that  there  are  at 
least  three  plants  in  the  United  States  at  which  electrolytic  zinc  is  being 
produced  commercially  from  ores  of  widely  different  origin  and  composi- 
tion, by  processes  the  developments  of  which  have  been  practically 
contemporaneous  and  independent. 

The  Roasting  Problem 

Both  Mr.  Hall  and  Mr.  French  have  given  us  rather  more  than  a 
hint  as  to  what  the  problem  in  roasting  has  been.  The  particular  factor 
that  interfered  with  the  highest  recovery  when  the  roasted  ferruginous 
ore  was  leached  with  sulphuric  acid  was  the  formation,  in  the  roaster, 
of  a  complex  compound  of  zinc  and  iron  which  is  insoluble.  It  devel- 
oped that  the  production  of  this  material  was  largely  due  to  roasting 
at  too  high  a  temperature.  Mr.  Hall  mentioned  that,  ''  In  roasting  Colo- 
rado ores  for  the  production  of  spelter,  the  writer  has  found  as  much 
as  one-third  of  the  total  zinc  in  such  ore  to  be  insoluble  in  a  relatively 
strong  solution  of  sulphuric  or  hydrochloric  acid."    Mr.  French  stated :' 

T^th  proper  adjustment  of  the  roasting  furnace  conditions,  it  is  not  difficult  to 
obtain  extractions  of  90  per  cent,  of  zinc  from  ores  containing  12  to  25  per  cent,  zinc, 
and  in  the  latter  case  with  as  much  as  25  per  cent,  of  iron.  As  far  as  the  author's 
experience  goes,  furnaces  of  the  Wedge  and  Herreshoff  type  are  admirably  adapted 
to  the  roasting  of  this  class  of  ore.  A  large  Wedge  furnace,  with  7  hearths  and  a  diame- 
ter of  22^  ft.  (6.8  m.)  is  capable  of  roasting  about  1^  tons  of  this  ore  per  hour,  with 
unskilled  labor,  and  gives  a  more  satisfactory  product  than  the  smaller  hand-rabbled 
furnaces.  After  roasting  zinc  concentrates  containing  45  per  cent,  of  zinc,  there  is 
little  difficulty  in  extracting  as  much  as  95  to  97  per  cent,  of  the  zinc. 

There  is  every  indication,  therefore,  that  exceedingly  high  recoveries 
should  be  obtained  from  Montana  ores  which  contain  around  22  per  cent, 
of  iron  and  are  readily  concentrated  to  exceed  50  per  cent,  of  zinc.     The 

« Op.  cU.,  322. 
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general  impression  seems  to  be  that  the  proper  roasting  temperature 
for  subsequent  leaching  with  sulphuric  acid  is  around  600°  C.  I  have 
understood  for  nearly  a  year  now  that  this  is  the  approximate  tempera- 
ture employed  in  the  Wedge  roaster  at  the  Park  City,  Utah,  smelter, 
working  on  oil  flotation  concentrates  of  around  40  per  cent.  zinc. 

E.  H.  Hamilton,  in  a  paper*  on  "Electrolytic  Zinc  Extraction  at  Trail, 
B.  C,"  stated  the  temperature  of  the  Wedge  roaster  to  be  approximately 
600°  C.     The  ore  had  approximately  the  following  composition: 

Per  Cent.  Per  Cent. 

Lead 14  Magnesia 2 

Iron 21  to  31  Sulphur 24  to  29 

Insoluble 4  Zinc 19  to  24 

Alumina 3  Cadmium 0.04 

Lime 2 

The  ore  is  crushed  in  tube-mills  to  the  following  size : 

Mesh.  Per  Cent. 

On             48 3 

On      48-100 10 

On    100-150 3 

On    160-200 12 

Through  200 72 


100 

and  is  then  roasted  in  Wedge  roasters  having  seven  floors  and  diameter  of 
26  ft.  (8  m.)  with  two  arms  to  the  floor  and  revolving  once  in  4  min. 
Forty  tons  are  roasted  per  day  from  25  per  cent,  down  to  5  per  cent, 
sulphur.     The  temperature  of  the  hearths  is  approximately: 

1st  floor 

2d    floor 950**  F.  (510''  C.) 

3d   floor. 1000**  F.  (638**  C.) 

4th  floor 1100°  F.  (593**  C.) 

6th  floor 1100°  F.  (593°  C.) 

6th  floor 1050°  F.  (566°  C.) 

7th  floor 

Since  the  problem  of  roasting  for  subsequent  leaching  with  sulphuric 
acid  is  the  same  everywhere,  that  is  to  eliminate  sulphides  and  convert 
the  zinc  into  an  oxide  or  sulphate,  it  follows  that  the  practice  must  be 
substantially  the  same  everywhere,  the  time  of  the  operation  varying 
only  with  the  fineness  of  the  ore  and  the  sulphur  contents. 

The  Leaching  and  Purification  Problem 

On  the  other  hand,  this  problem  di£fers  with  each  locality.  On 
visiting  the  successful  electrolytic  zinc  plants  of  the  country,  one  finds 
no  lack  of  understanding  of  the  impurities  that  occur,  of  the  reagents 
which  must  be  employed,  or  of  the  reactions  that  take  place.     While 

*  Trans.  Am.  Electrochemical  Soc.  (1917),  82,  217. 
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in  some  cases,  past  failures  in  leaching  for  electrol3rtic  zinc  were  probably 
due  to  lack  of  consideration  for  things  which  were  known,  the  difficulties 
encountered  have  been  usually  the  more  or  less  inevitable  result  of  the 
large  scale  on  which  it  has  been  attempted  to  operate.  They  have 
been  attributable  mainly  to  poor  arrangement  of  the  plant  and  to  failure 
of  some  of  the  mechanical  apparatus  to  operate  continuously,  particularly 
that  connected  with  the  filtration  of  the  solution  and  the  removal  of 
the  coagulated  or  precipitated  impurities.  It  has  been  found  absolutely 
essential  to  have  a  well  designed  plant,  in  which  the  apparatus  is  arranged 
in  sequence  according  to  the  sequence  of  operations;  in  which  lead  pipe, 
and  not  iron  or  other  substitute,  is  used  where  lead  should  be  used;  in 
which  excessive  pumping  is  avoided;  in  which  reliable  mechanical  ap- 
paratus is  employed  and  no  one  piece  is  so  situated  that  it  can  become 
the  solitary  neck  of  the  bottle,  the  temporary  clogging  of  which  might 
cause  the  solution  to  foul  and  so  disrupt  the  operation  of  the  entire  plant 
as  to  require  days  for  its  resumption. 

■ 

Power  Requirements  of  the  Zinc  CeU 

These  requirements  also  are  well  understood,  though  they  were  not  two 
or  three  years  ago  when  most  of  the  existing  electrolytic  zinc  plants  were 
planned.  It  wa^  not  appreciated  that  electrolytic  zinc  precipitation  would 
become  substantially  a  constant-voltage,  constant-current  process.  Every 
operating  superintendent  has  worked  out  series  of  power  charts  similar  to 
Fig.  12  of  Mr.  Hansen's  paper.  The  working  part  of  this  chart  is  that 
between  5  and  9  per  cent,  acid,  and  approximately  20  and  35  amperes  per 
sq.  ft.  General  practice  has  adopted  25  amperes  per  sq.  ft.,  or  slightly 
less,  as  the  most  economical  current  density.  Working  within  these 
usual  limits,  a  change  of  15  per  cent,  in  applied  voltage  with  constant 
acidity  will  approximately  double  or  halve  the  current  density,  whereas 
a  change  of  1  per  cent,  in  the  acidity  of  the  solution,  at  constant  voltage, 
will  produce  about  a  15  per  cent,  change  in  the  current  density. 

The  problems  of  roasting,  leaching,  and  purification  having  been 
largely  solved,  and  a  pure  solution  having  arrived  at  the  tank  room, 
it  is  evident  what  ready  means  exist  to  determine  what  current  density 
and  rate  of  precipitation  are  most  economical,  power  and  other  operating 
costs,  interest  on  investment,  and  the  price  of  zinc,  all  being  taken  into 
consideration. 

As  Mr.  Hansen's  Fig.  12  shows,  there  is  no  appreciable  difference 
in  the  cathode  production  of  the  cell,  per  kilowatt-hour,  at  25  amperes 
current  density,  between  6  and  8  per  cent,  acidity,  and  at  35  amperes 
the  difference  is  not  considerably  greater.  This  change  in  acidity, 
however,  which  may  be  effected  simply  by  altering  the  rate  of  flow  of  the 
incoming  solution  by  means  of  the  valves,  will  change  the  current 
density  approximately  30  per  cent.     Of  course,  the  actual  acidity,  which 
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may  be  employed  over  long  periods  of  time,  is  determined  by  other  fac- 
tors related  to  the  leaching  and  filtration;  but  it  is  evident  that  ^'acid 
control"  can  be  a  most  eflFective  means  of  current  control  for  the  brief 
periods  when  necessary  changes  are  being  effected  in  the  tank  room,  or 
some  external  condition  alters  abnormally  the  voltage  available  at  the 
tank  room.  According  to  general  experience,  there  is  no  occasion,  95 
per  cent,  of  the  time,  for  anything  but  constant  voltage  in  the  tank  room; 
and,  for  the  remaining  time,  a  means  of  varying  the  voltage  5  per  cent. 
either  way  is  all  that  is  necessary. 

Design  and  Selection  of  Electrical  Equipment 

It  is  becoming  apparent  that  all  the  conditions  were  not  known  or 
fully  analyzed  by  the  electrical  equipment  manufacturers  who  applied 
their  machinery  in  the  earlier  electrolytic  zinc  plants.  In  these  times  of 
high  costs,  thorough  analyses  should  be  made  to  determine  exactly  the 
requirements  which  the  tank  room  must  demand  of  the  electrical  equip- 
ment, analyses  unbiased  by  what  has  been  done  before.  In  this  con- 
nection, the  writer  frankly  acknowledges  that  in  his  paper*  "The  Sub- 
station Problem  of  the  Electro-chemical  Plant,"  that  part  of  the  discussion 
dealing  with  the  voltage  range  of  electrolytic  zinc  plants  was  unduly 
influenced,  imconsciously,  by  the  known  characteristics  of  the  electrical 
equipment  already  installed  in  such  service.  I  feel  that  there  is  opportu- 
nity for  greater  resourcefulness  than  has  been  evidenced  in  the  past.  Since 
the  electrolytic  zinc  process  is  substantially  a  constant-voltage,  constant- 
current  process,  like  the  aluminum  reduction  process,  and,  like  it,  a  process 
which  should  operate  365  days  out  of  the  year,  I  am  confident  that  plans 
will  be  made  to  employ  the  type  of  electrical  equipment  which  has  the 
lowest  first  cost  and  the  highest  efficiency  over  the  longest  operating 
period.  Continuous  efficiency  will  not  be  sacrificed  and  initial  cost 
unduly  increased  simply  to  take  care  of  occasional  abnormal  conditions 
which  resourcefulness  can  meet  in  other  ways. 

I  expect  to  see  the  elimination  of  the  motor*generator  set  from  con- 
sideration for  such  service,  on  account  of  its  low  operating  efficiency  and 
high  first  cost.  I  expect  to  see  a  larger  number  of  simple,  shunt-wound, 
rotary  converters  employed,  the  most  efficient  machine  obtainable, 
such  as  are  largely  used  in  the  aluminum  reduction  industry;  and,  where 
a  small  voltage  variation  is  needed,  this  will  be  obtained  simply  by  re- 
actance in  the  alternating-current  supply  circuit  and  variations  of  the 
shimt-field  strength.  This  ''reactance  and  shunt-field  control "  method  of 
obtaining  small  voltage  variations  has  not  been  used  largely  in  America, 
except  in  the  aluminum  reduction  industry,  and  in  some  of  the  older 
street  railway  systems;  but  it  has  been  used  extensively  elsewhere, 
especially  in  Great  Britain  and  her  colonies. 

*  Trans.  Am.  Electrochemical  Soc.  (1917),  82,  99. 
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For'  electrolytic  service  really  requiring  voltage  variations  greater 
than  5  per  cent,  plus  and  minus,  I  expect  to  see  the  installation  of  the  most 
effective  type  of  booster  rotary  converter,  after  all  the  various  factors 
in  the  tank  room  have  been  given  full  consideration.  The  reasons  for  con- 
fidence in  the  suitability  of  the  booster  rotary  converter  for  such  service 
are  set  forth  at  length  in  my  paper  to  which  I  have  just  referred. 


Carbocoal 

Discussion  of  the  paper  of  C.  T.  Malcoliibon,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  Bulletin  No.  137,  May,  1018,  p.  971. 

W.  Rowland  Cox,*  New  York,  N.  Y.  (written  discussionf). — The 
process  described  by  Mr.  Malcolmson  undoubtedly  represents  a  great 
stride  toward  conservation  of  our  natural  resources.  Without  discussing 
the  subject  from  an  economic  standpoint,  I  wish  further  to  emphasize 
the  fundamental  principles  of  the  Smith  process  in  order  that  its  economic 
value  may  be  fully  appreciated. 

The  process  is  essentially  a  means  of  producing  an  ideal  fuel,  as  regards 
its  combustion  qualities,  by  the  removal  of  the  so-called  volatile  matter 
from  the  coal,  in  the  form  of  byproducts,  which  have  value  for  other 
purposes  far  in  excess  of  their  fuel  value.  In  other  words,  coals  which 
contain  large  amounts  of  gas,  tar,  and  ammonia,  and  are  not  suitable 
for  domestic  or  industrial  fuel,  or  for  treatment  in  byproduct  coke  ovens 
or  gas  retorts,  because  they  possess  poor  coking  qualities,  can  be  prepared 
for  commercial  use  by  the  Smith  process  with  a  very  high  degree  of 
efficiency. 

Much  work  has  been  done  along  this  line,  both  in  this  country  and 
in  Europe,  in  developing  a  means  of  preparing  coal,  as  the  economic 
advantages  have  long  been  recognized.  To  the  best  of  my  knowl- 
edge, the  Smith  process  is  the  only  one  that  has  proved  its  commercial 
adaptability. 

Distillation  of  coal  at  900*"  to  1000°  F.  (480°  to  540°  C.)  yields  a  large 
amount  of  tar  and  oils.  The  residue  of  the  distillation,  however,  is  a 
very  friable  semi-KJoke,  wholly  unsuitable  for  use  as  a  fuel,  unless  it  can 
be  charged  directly  into  a  byproduct  gas  producer.  The  problem  which 
confronted  the  inventor  was  then  to  convert  this  carbon  residue  into  a 
commercial  product,  and  it  is  in  this  step  that  the  Smith  process  has  over- 
come the  obstacles  which  prevented  a  number  of  other  methods  from 
becoming  commercially  practicable. 

It  was  found    that  by  pulverizing  the  carbon  residue  it  could  be 

briquetted  with  pitch  as  a  binder.    Such  briquets,  however,  were  not 

smokeless,  and  possessed  all  the  other  disadvantages,  such  as  softening 
*■  ■      •  -     —       * 

*  Mining  Engineer. 

t  Received  Aug.  7,  191S. 
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• 
during  combustion,  -smell,  and  other  characteristics  of  briquets  made 

with  a  pitch  binder. 

The  inventor  found  that  by  distilling  the  briquets  made  from  the  car- 
bon residue,  at  a  temperature  between  1400''  and  2000°  F.  (TOO'*  and  10- 
95°  C),  the  material  was  completely  devolatiliz^d,  and  a  briquet  of  high 
specific  gravity  was  produced. 

It  was  also  proved  that  by  making  the  first  distillation  incomplete, 
the  final  briquets  burned  very  freely  as  compared  with  similar 
briquets  made  from  anthracite  or  coke,  and  it  is  this  rapid  combustion 
that  so  distinctly  differentiates  this  fuel  from  other  low-volatile  fuels 
now  on  the  market. 

As  to  the  byproducts  of  the  process,  I  would  emphasize  one  feature. 
It  is  well  known  that  low-temperature  carbonization  produces  a  high 
yield  of  light  oils  of  the  benzol  series,  but  with  such  large  amounts  of 
paraffines  present  that  the  toluol  will  not  be  accepted  by  the  manufac- 
turers of  explosives.  The  inventor  and  his  associates,  I  am  advised, 
have  developed  a  means  of  removing  the  paraffines,  and  are  producing 
higher  yields  of  benzol  and  toluol  than  in  ordinary  coke-oven  practice. 

J.  M.  Fitzgerald,*  Rochester,  N.  Y.  (written  discussion t). — Until 
the  end  of  the  war  at  least,  Carbocoal  will  help  to  satisfy  the  enormous 
requirements  of  the  Government  for  a  smokeless  fuel  for  the  use  of  ves- 
sels engaged  in  crossing  the  Atlantic;  just  now,  the  Government  is  practi- 
cally commandeering  the  output  of  the  principal  mines  in  West  Virginia, 
Maryland,  and  Pennsylvania,  producing  the  so-called  "smokeless  coals," 
for  their  use.  The  need  for  smokeless  coal  increases  as  more  ships  are 
launched,  and  it  is  entirely  probable  that  within^a  year  bunker  require- 
ments will  have  grown  to  such  proportions  as  to  demand  practically 
the  entire  output  of  most  of  the  mines  that  produce  low-volatile  coals 
in  Pennsylvania,  and  for  a  large  portion  of  the  product  of  the  Pocahontas 
and  New  River  fields.  About  a  year  ago,  ships  were  required  to  carry 
a  "suflBcient  quantity  of  smokeless  coal  to  carry  them  for  two  days 
through  the  submarine  zone;"  as  the  submarines  now  have  no  limits 
to  their  zone,  it  has  become  necessary  to  use  smokeless  coal  for  the  entire 
trip  between  America  and  Europe. 

This  new  fuel  has  been  given  a  most  thorough  test  by  the  United  States 
Navy,  and  it  has  been  shown  to  be  not  only  smokeless,  but  particularly 
suitable  for  marine  and  locomotive  service  where  a  high-grade  fuel  is 
demanded  because  of  restricted  grate  and  boiler  capacity. 

As  to  the  yield  of  oils  by  this  process.  Dr.  MoUwo  Perkins,  in  a  recent 
paper*  on  the  importance  of  the  oil  requirements  of  the  Navy,  spoke  of 
recovering  oil  from  coal  by  a  low-distillation  process  similar,  as  to  tem- 

•  President,  Davis  Machine  Tool  Co. 
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perature,  to  the  primary  operation  of  the  Smith  process.  Mr.  Perkins 
stated  that  to  produce  300,000  gal.  of  oil  daily,  only  15,000  tons  of  raw 
coal  would  need  to  be  treated,  and  that  the  erection  of  suitable  plants 
in  the  coal  districts  would  be  simple.  The  adoption  of  such  measures 
would  release,  for  other  use,  100  tank  steamefs  now  employed  in  carrying 
oil  to  England  from  Mexico  and  other  remote  places. 

Dr.  Perkins*  figures  are  sensational  when  one  stops  to  figure  that  to 
build  100  tank  steamers,  averaging  6000  tonswdead  weight,  would  involve 
an  expenditure  of  around  $120,000,000.  To  build  plants  that  will  treat 
15,000  tons  of  coal  per  day,  according  to  estimates,  would  cost  only 
$25,000,000.  While  America  will  not  be  able  to  effect  so  large  a  saving 
in  ocean  transportation,  the  building  of  these  plants  in  the  important 
coal  fields  will  introduce  economies  in  railroad  transportation,  and  re- 
duce the  cost  of  power  and  fuel  for  domestic  use.  ' 

An  important  subject  in  every  home  is  the  supply  of  domestic  coal. 
In  the  east,  anthracite  coal  is  used  almost  exclusively  for  domestic  pur- 
poses; little  coke  is  used,  because,  owing  to  its  bulk  and  the  corresponding 
increase  in  freight  charges  as  compared  with  coal,  it  can  not  readily  move 
to  points  far  from  its  place  of  manufacture. 

Only  a  few  months  ago.  Professor  Breckenbridge,  of  New  Haven, 
estimated  that  the  anthracite  coal  measures  would  be  exhausted  in  about 
100  years.  One  of  the  dominating  features  of  the  new  process  is  that  it 
eliminates  from  further  consideration  the  possible  exhaustion  of  anthra- 
cite; Carbocoal  is  smokeless,  is  said  to  be  even  more  cleanly  for  domestic 
use,  and  it  suffers  no  breakage.  As  bituminous  coals  in  nearly  all  of 
the  fields  of  the  United  States  are  susceptible  to  this  treatment,  this 
smokeless  fuel  can  be  made  available  for  use  in  many  sections  so  distant 
from  the  anthracite  fields  that  the  cost  of  hard  coal  is  prohibitive.  This, 
it  is  argued,  will  go  far  toward  the  saving  of  transportation  and  of  cars. 

Briefly,  the  Smith  process  gives  promise  of  supplying  to  nearly  every 
bituminous  producing  section  of  the  country  the  means  of  manufactur- 
ing its  raw  coal  without  loss  of  the  valuable  byproducts.  What  has  re- 
tarded the  more  general  installation  of  byproduct  coke  plants  in  this 
country  has  been  the  fact  that,  to  dispose  of  some  of  the  most  abundant 
byproducts,  the  plants  would  have  to  be  located  near  large  centers  of 
industry  and  population.  The  Smith  process  makes  it  practicable  to 
treat,  by  the  low-distillation  method,  coals  of  proper  quality  wherever 
they  may  be  mined.  The  valuable  byproducts  can  be  shipped  to  any 
point.  If  there  is  not  sufficient  local  demand  to  consume  the  full 
output  of  Carbocoal  made  from  the  residue,  this  fuel  can  be  shipped  in 
competition  with  run-of-mine  or  prepared  coal.  Having  the  same  weight 
as  anthracite  or  bituminous  coal,  it  will  move  at  the  same  freight  rate, 
and  not  bear  the  handicap  of  extra  charges  that  are  maintained  on  coke 
by  reason  of  its  bulk. 
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Newell  W.  Robebts*,  New  York,  N.  Y.  (written  discussionf). — One 
of  the  most  valuable  points  brought  out  in  Mr.  Malcolmson's  paper  is 
the  quantity  and  quality  of  the  byproducts. 

In  the  early  days  of  coal  distillation,  the  carbonization  of  coal  was 
carried  on  primarily  for  the  yield  of  gas,  and  the  tar  resulting  therefrom 
was  considered  a  necessary  evil.  The  yield  of  tar,  however,  although 
considered  large  in  those  days,  was  relatively  small  as  compared  with 
present-day  results.  Even  yet  we  find  that  the  yield  of  byproducts 
does  not  fully  meet  our  requirements.  The  coke-oven  plants  are  pro- 
ducing an  average  of  little  more  than  7  gal.  (26.5  1.)  of  tar  per  ton  of 
coal  carbonized,  although  some  are  producing  as  high  as  9  gal.  (34  1.) 
per  ton.  In  addition  to  the  tar,  by  stripping  the  gas,  some  2  to  3  gal. 
of  light  oil  is  obtained,  the  average  yield  being  slightly  under  2.5  gal. 
(9.4  1.),  of  which  approximately  0.3  gal.  (1.13  1.)  is  toluol. 

The  Smith  process  produces  an  average  of  30  gal.  (113.5  1.)  of  tar  from 
both  distillations,  from  coal  having  volatile  contents  of  35  per  cent.;  ap- 
proximately 24  gal.  (91 1.)  are  obtained  from*  the  first,  and  6  gal.  (22.71.) 
from  the  second  distillation.  This  tar  is  unusually  light  in  gravity,  rang- 
ing from  1  to  1.06,  while  in  some  cases  the  gravity  has  fallen  below  1. 
The  difference  between  Smith  tar  and  coke-oven  tar  is  very  well  brought 
out  in  Mr.  Malcolmson's  paper.  Coke-oven  tar  contains  62  per  cent,  of 
pitch,  and  the  tar  from  the  Smith  process  less  than  40  per  cent. "  This, 
however,  is  to  be  expected.  In  the  first  place,  the  primary  distillation 
is  carried  out  at  a  low  temperature,  and  there  is  no  cracking  of  the  oils 
and  vapors.  That  the  difference  in  yields  is  due  to  the  difference  in  tem- 
perature at  which  the  two  processes  are  operated  is  very  well  illustrated 
by  a  simple  cracking  tube.  Take  almost  any  oil  and  pass  it  through  a 
tube  at  800  to  900''  F.  (430°  to  480''  C.)  under  atmospheric  pressure,  and 
there  is  practically  no  cracking.  Increase  the  temperature  to  1500**  F. 
(815**  C.)  and  large  quantities  of  gas  and  tar  are  formed,  the  latter  con- 
taining 40  to  60  per  cent,  of  pitch.  This  is  what  occurs  in  coke  ovens; 
the  oils  come  in  contact  with  the  hot  coke,  or  the  heated  walls  of  the  re- 
tort, and  are  cracked,  producing  gas  and  reducing  the  yield  of  tar. 

The  value  of  the  tar  from  the  Smith  process  can  only  be  estimated, 
but  it  will  undoubtedly  be  more  valuable  than  any  coal  tar  now  on  the 
market.  Of  the  30  gal.  of  tar  produced  by  both  distillations,  15  to  20 
gal.  (57  to  76  ].),  dependent  on  the  raw  coal  used,  can  be  recovered  in  the 
form  of  marketable  oils. 

The  light  oil  from  the  tar,  as  well  as  the  light  oil  from  the  gas,  contains, 
as  might  be  expected,  a  certain  quantity  of  paraflSn  hydrocarbons.  These 
vary  from  4  to  20  per  cent.,  depending  upon  the  nature  of  the  coal  used. 
Ordinarily,  light  oil  containing  paraffin  hydrocarbons  in  the  amount  just 
mentioned  would  be  valueless  for  use  in  the  manufacture  of  c.  p.  benzol  and 

*  Vice-president,  International  CJoal  Products  Corporation. 
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toluol;  but  with  the  Smith  process  it  has  been  found  possible  entirely  to 
eUminate  the  objectionable  parafEn  hydrocarbons.  After  the  demand  for 
c.  p.  toluol  has  ceased,  these  light  oils,  as  has  already  been  demonstrated 
by  actual  tests,  can  be  used  as  an  excellent  motor  fuel.  The  middle 
and  heavy  oils,  while  at  present  not  attracting  so  much  attention  as  the 
lighter  fractions,  should  be  in  great  demand  in  the  future. 

At  present  there  is  a  good  market  for  creosote  and  flotation  oils, 
and  all  the  oils  produced  at  the  Irvington  plant  have  been  sold  at  a  very 
good  price  for  these  purposes.  No  attempt  has  as  yet  been  made  to  sepa- 
rate the  tar  acids  from  the  oils,  and  the  crude  cuts,  just  as  they  are  taken 
from  the  still,  are  used  as  such.  The  higher  fractions  are  rich  in  tar 
acids,  containing  as  high  as  40  per  cent.,  and  averaging  well  above  30 
per  cent,  acidity. 

The  middle  fraction,  distilling  between  170  to  230®  C,  is  rich  in  cresylic 
acid,  and  laboratory  tests  have  shown  that  as  high  as  0.5  gal.  of  acid 
can  be  obtained  from  each  ton  of  coal  carbonized.  A  small  quantity 
of  phenol  is  also  present  in  the  middle  oil  fractions  but  it  is  doubtful 
whether  it  would  pay  to  extract  it.  The  light  oil  fraction  from  the  tar, 
distilling  below  170°  C,  also  contains  tar  acids,  but  in  much  smaller 
proportions.  The  analysis  of  this  fraction  shows  it  to  contain  about 
10  per  cent,  of  tar  acid,  the  bulk  of  which  is  cresylic.  With  a  domestic 
production  of  cresylic  acid,  the  American  markets  will  be  well  supplied, 
and  its  importation  in  large  quantities  will  no  longer  be  necessary.  This 
should  result  in  a  lower  cost,  and  as  most  forms  of  commercial  cresylic 
acid  darken  on  storage,. which  in  numerous  cases  is  found  objectionable, 
it  should  be  possible  to  put  on  the  market  a  product  more  satisfactory 
to  the  consumer. 

As  to  the  oil  obtained  by  stripping  the  gas,  this  is  obtained  in  the 
same  quantity  as  from  coke  ovens.  It  is  richer  in  toluol,  yielding  ap* 
proximately  0.35  gal.  (1.32  1.)  per  short  ton  (907  kg.)  of  coal  carbonized. 
In  addition  to  the  tuluol  recovered  from  the  gas,  0.13  gal.  (0.49  1.) 
is  also  obtained  from  the  tar,  making  a  total  of  nearly  half  a  gallon  from 
each  ton  of  coal,  or  practically  double  the  average  yield  from  coke  ovens. 

The  Smith  process  also  produces  a  good  yield  of  ammonia.  The  first 
or  low-temperature  distillation  yields  4  or  5  lb.  (2  kg.),  and  the  second 
or  high-temperature  distillation  15  to  16  lb.  (7  kg.)  of  sulphate,  a  total 
which  compares  very  favorably  with  coke-oven  and  gas-house  practice. 

Charles  M.Barnbtt,* New  York,  N.  Y.  (written  discussion t). — Dur- 
ing the  last  few  years,  much  thought  has  been  given  by  coke-oven  engineers 
to  the  distillation  of  coal  at  low  temperatures,  to  obtain  a  smokeless  fuel 
and  a  larger  yield  of  tar,  benzol,  etc.,  than  is  obtainable  in  existing  by- 
product coking  processes.     The  intermittent  process,  as  used  in  England, 
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has  many  disadvantages:  Restriction  to  the  use  of  certain  coals;  charging 
and  discharging  of  retorts  is  costly;  fuel  obtained  is  bulky,  low  in  specific 
gravity,  and  difficult  to  handle  without  excessive  breakage  in  transporta- 
tion; in  carbonization,  coals  nearest  the  sides  of  the  retort  are  coked  more 
than  those  in  the  center,  making  a  uniform  jrield  impossible;  yield  of 
ammonia  is  low. 

The  Smith  continuous  retort  appears  to  have  overcome  these  difficul- 
ties. The  higher  the  volatile  content,  the  higher  the  jdeld  of  oils.  No 
special  coal  is  required  for  the  process.  Coal  which  has  a  tendency  to 
swell  in  carbonization  can  be  easily  handled  in  this  retort,  which  would  be 
impossible  in  the  intermittent  process.  The  interlapping  paddles  agitate 
and  mix  the  material  thoroughly,  and  each  particle  of  coal  is  brought  into 
intimate  contact  with  the  sides  of  the  hot  retort,  giving  a  uniform  product. 

The  question  of  feeding  coal  into  the  retort  and  discharging  the  carbon 
residue  therefrom,  which  has  been  found  troublesome  in  all  other  con- 
tinuous processes,  has  been  solved  satisfactorily  in  the  Smith  process. 
The  heating  system  of  the  retort  enables  the  operator  to  obtain  any 
desired  temperature  at  any  part  of  the  retort;  access  to  the  gas  burners  is 
obtained  xmdemeath,  and  control  of  the  air  for  combustion  is  easily  ac- 
cessible, being  adjacent  to  the  gas  burners,  so  that  adjustments  to  the 
gas  and  air  can  be  made  at  the  same  time.  The  dampers  connecting 
the  heating  flues  to  the  waste-heat  flue  are  operated  from  the  top  of  the 
retort.  Air  used  for  combustion  is  pre-heated  in  the  recuperator  under- 
neath the  retort,  cold  air  and  waste  gases  flowing  countercurrent  to 
each  other. 

The  carbon  residue  obtained  from  the  primary  carbonization  is  a  fuel 
of  uniform  quality,  and  averages  8  to  10  per  cent,  volatile  matter.  It  is 
easily  crushed  and  would  make  ideal  powdered  fuel,  with  a  consider- 
able saving  of  national  resources  through  recovery  of  the  valuable  byprod- 
ucts, as  compared  with  present  methods  of  using  raw  powdered  bitu- 
minous coal.  The  carbon  residue  could  also  be  stored  with  less  danger  of 
spontaneous  combustion  than  raw  bituminous  coal.  This  opens  up  a 
large  field  for  its  economical  storage  in  the  tropics  and  at  bunkering 
stations  around  the  world. 

As  to  the  briquetting  of  the  carbon  residue,  the  pitch  employed  (only 
a  small  percentage)  is  obtained  from  the  tar  distilled  in  the  plant,  and  it  is 
found  that  more  than  enough  for  the  requirements  of  the  briquetting 
plant  is  available.  This  is  an  ideal  way  of  disposing  of  the  pitch,  as  in 
normal  times  pitch  does  not  find  a  ready  market  in  large  volume.  In  the 
secondary  carbonization,  some  of  the  pitch  is  recovered,  some  gasifies, 
and  the  remainder  combines  as  carbon  with  the  finished  product. 

The  process  is  also  valuable  for  carbonizing  coals  of  high  sulphur 
content,  such  as  certain  Illinois  coals,  which  are  not  suitable  for  metallur- 
gical coke,  but  make  a  good  domestic  fuel  in  the  form  of  Carbocoal. 
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CHARLEfl  Catlbtt,*  Stauntoti,  Va.  (written  discussion t). — I  wit- 
nessed a  test  of  Carbocoal  on  a  Mallet  locomotive  on  the  Clinchfield 
road  in  September,  1917.  The  locomotive  was  pulling  approximately 
3000  tons  up  a  3^  per  cent,  grade  at  a  speed  of  between  9H  and  11  miles 
an  hour.  A  comparison  was  presented  between  Carbocoal  made  from 
the  Upper  Banner  coal,  mined  by  the  Clinchfield  Coal  Corporation,  and  a 
former  test  made  under  very  similar  conditions  when  using  straight 
Upper  Banner  coal.  There  was  no  difficulty  in  keeping  the  steam 
gage  steady  between  195  and  200  lb.,  and  the  results  indicated  by  the 
two  tests  were  approximately  the  same.  But  taking  into  consideration 
all  the  conditions  surrounding  the  tests  of  the  Carbocoal,  the  impression 
made  upon  me  was  that  the  latter  would  have  afforded  even  better  re- 
sults if  the  conditions  of  the  tests  had  been  fixed  with  reference  to  that 
particular  fuel. 

The  engines  of  the  Clinchfield  road,  after  many  experiments,  had 
been  drafted  and  arranged  with  special  reference  to  Upper  Banner  coal, 
and  the  fireman  was  familiar  with  what  was  necessary  to  get  the  best 
result  from  it.  This  coal,  which  is  considered  one  of  the  best  locomotive 
fuels  in  the  East,  carries  about  32  per  cent,  of  volatile  matter,  and  is 
strongly  coking;  yet  in  this  test  it  was  replaced  by  Carbocoal,  carrying 
not  over  4  per  cent,  of  volatile  matter,  and  having  no  coking  qualities, 
without  any  change  in  the  drafting  or  arrangement  of  the  fire-box. 
It  was  evident  that  the  fire-box  could  have  contained  and  consumed  a 
very  much  larger  amount  of  Carbocoal  than  was  fed  to  it.  A  small 
matter  bearing  upon  the  test  was  the  fact  that  the  briquets  were  of 
domestic  size,  and  being  of  round  shape  would  not  pile  up  on  the  shovel 
as  would  run-of-mine  coal;  thus,  with  the  same  exertion  the  fireman  could 
not  put  the  same  weight  of  fuel  into  the  fire-box  when  firing  Carbocoal 
as  when  firing  run-of-mine  coal.  This  could  easily  be  obviated  by  a 
change  in  the  form  of  the  scoop,  or  in  the  shape  of  the  briquet. 

One  great  advantage  of  the  Carbocoal,  as  compared  with  other  forms 
of  fuel,  is  that  brought  about  by  the  formation  of  the  semi-carbocoal  at 
a  low  temperature.  When  coal  has  been  coked  at  a  low  temperature 
and  allowed  to  cool,  it  no  longer  softens  and  continues  the  process  of 
coking  when  again  heated.  The  character  of  coke  so  formed  is  entirely 
different  from  that  of  coke  made  at  a  high  temperature.  It  probably 
occludes  more  oxygen,  and  is  more  readUy  acted  on  by  the  oxygen  of 
the  air,  and  probably  burns  with  less  excess  of  air  than  is  required  for 
burning  other  fuel. 

One  interesting  factor  is  the  marked  reduction  in  the  formation  of 
clinkers,  as  compared  with  the  coal  from  which  the  Carbocoal  is  made; 
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this  is  hard  to  understand.  The  Carbocoal  will  naturally  carry  somewhat 
more  ash  than  the  coal  from  which  it  is  made,  but  owing  to  the  unifonn 
grinding  and  mixing  of  the  coal,  the  ash  is  distributed  uniformly  through 
the  material,  and  probably  every  particle  of  the  ash  is  covered  with  a 
layer  of  soft  coke  in  the  initial  coking.  This  may  have  some  effect  in 
reducing  the  tendency  of  the  ash  to  clinker,  and  may  enable  it  to  drift 
away  from  the  zone  of  highest  temperature  before  it  becomes  so  fused  as 
to  give  trouble. 

In  addition  to  its  value,  as  described,  for  ordinary  gas  producers  or 
Mond  gas  producers,  I  imagine  the  Carbocoal  would  have  special  value 
in  connection  with  suction  gas  plants.  My  impression  has  been  that  the 
wider  adoption  of  such  plants  has  been  retarded  by  the  difficulty  of  secur- 
ing adequate  supplies  of  suitable  fuel. 

While  Carbocoal  undoubtedly  can  be  used  for  steam  purposes,  and 
its  use  under  certain  conditions  is  desirable,  it  looks  to  me  as  if  it  would 
have  much  greater  value  in  the  domestic  trade,  where  it  could  take  the 
place  of  anthracite  in  those  sections  which  are  at  present  remote  from 
anthracite  supply. 

I  believe  one  of  the  difficulties  in  connection  with  the  production  of 
large  amounts  of  ammonia  from  coke-oven  gases  has  been  the  apparent 
limit  to  the  demand,  in  many  sections,  for  coke;  but  the  demand  for  such 
a  material  as  Carbocoal  will  be  far  more  extensive  and  universal,  and  it  is 
not  unreasonable  to  expect  that  in  time  a  large  amount  of  nitrogen  com- 
pounds, so  greatly  needed  in  agriculture,  will  be  derived  from  this  source. 

F.  R.  Wadleigh,*  Washington,  D.  C.  (written  discussionf). — ^The 
Carbocoal  process,  as  patented  and  developed  by  Mr.  Smith,  would  seem  to 
have  greater  possibilities  than  any  other  fuel  development  of  late  years,  or 
indeed  for  many  years.  Low-temperature  distillation  of  coal  is  not  new, 
of  course,  but  the  experimental  results  obtained  by  the  Smith  process  go 
far  beyond  and  differ  from  all  previous  work  of  the  kind,  both  in  methods 
of  operation  and  in  the  products  obtained.  The  process  is  a  long  step 
toward  the  conservation  of  fuel  resources;  indeed,  its  development  in 
foreign  countries,  especially  in  England,  France,  Italy  and  Spain,  or 
wherever  suitable  coals  are  available,  will  aid  in  solving  many  important 
fuel  problems,  as  well  as  others  not  strictly  pertaining  to  fuel,  as  such. 

In  Great  Britain,  for  instance,  where  all  oils  must  either  be  imported 
or  made  from  coal  or  shales,  but  where  the  best  grades  of  high-volatile 
coal  are  available,  a  Carbocoal  plant  would  be  highly  profitable;  the  Car- 
bocoal itself  would  fill  the  demand  for  a  smokeless  house  and  steam  fuel, 
while  the  yield  of  byproducts,  especially  the  oils,  would  help  to  reduce 
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the  quantity  of  oil  to  be  imported,  while  assuring  a  definite  and  steady 
supply  and  no  uncertainty  as  to  losses  of  ships.  A  plant  carbonizing 
2000  tons  of  coal  per  day  would  produce  about  15,000,000  gal.  per  year 
of  various  oils;  to  import  the  same  amount  from  the  Mexican  oil  fields 
would  take  about  five  tanks,  each  making  five  trips  per  year. 

Begarding  Carbocoal,  the  fuel,  it  is  understood  that  the  railroads  have 
allowed  the  same  freight  rates  for  its  transportation  as  for  coal.  In  this 
respect,  it  will  have  a  considerable  advantage  over  coke,  which  is  always 
charged  a  higher  rate  than  coal,  owing  to  its  bulk.  As  regards  transporta- 
tion, experiments  have  shown  that  Carbocoal  has  decided  advantages  in 
loading  and  unloading  cars,  as  well  as  in  freedom  from  breakage,  the  latter 
being  practically  nil. 

The  fact  that  the  process  is  entirely  self-contained  is  a  distinct  asset — 
everything  it  needs,  it  makes;  only  one  raw  material — the  coal — has  to 
be  supplied. 

As  a  means  of  conserving  our  supplies  of  anthracite  coal,  Carbocoal 
presents  a  most  promising  future;  not  only  has  it  been  proved  to  be  a 
better  domestic  fuel  than  anthracite,  but  the  fact  that  Carbocoal  can 
be  made  from  any  high-volatile  coal  solves  the  serious  question  of  dis- 
tributing anthracite.  The  fact  that  Carbocoal,  as  now  manufactured 
commercially,  contains  less  volatile  than  anthracite  insures  its  smoke- 
less combustion;  its  uniform  shape  and  size  also  make  for  improved 
combustion. 

The  writer  has  seen  Carbocoal  burned  on  a  locomotive,  running  with 
60  per  cent,  cut-off,  at  a  rate  of  166  lb.  per  sq.  ft.  of  grate  per  hour,  and 
with  16-in.  draft  in  the  smokebox,  with  absolutely  not  a  vestige  of  smoke; 
burning  with  a  long  yellowish-white  fiame,  yet  every  part  of  the  surface 
of  the  fire  entirely  visible,  even  to  the  unaccustomed  observer — a  per- 
formance impossible  with  either  coke  or  anthracite. 

On  the  same  locomotive  (a  standard  ''Mikado"  as  used  in  freight 
service)  at  a  rate  of  80  r.p.m.  and  50  per  cent,  cut-off,  over  11  lb.  of  water 
were  evaporated  per  pound  of  dry  fuel,  from  and  at  212®  F.;  yet  the 
Carbocoal  contained  only  12,291  b.t.u.,  showing  a  boiler  and  grate  effi- 
ciency of  84  per  cent.  It  would  seem  from  such  performances  that  Carbo- 
coal is  the  answer  to  the  smoke  question  on  locomotives — a  truly  large 
field,  when  it  is  remembered  that  one  railroad  alone  buys  some  3,000,000 
tons  of  anthracite,  coke,  and  so-called  "smokeless''  coals,  solely  to  reduce 
the  smoke  nuisance. 

Other  possibilities  in  the  use  of  Carbocoal  would  seem  to  lie  in  its 
substitution  for  coke  in  various  industrial  processes,  such  as  beet-sugar 
manufacture,  smelting,  and  various  chemical  processes,  where  a  smoke- 
less fuel  is  required,  and  possibly  also  for  foundry  use.  This  would  be 
especially  the  case  west  of  the  Mississippi  River,  where  low-volatile  coals 
and  good  coking  coals  are  comparatively  scarce.    The  high-volatile, 
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high-nitrogen  coals  in  Washington  should  be  especially  well  adapted  for 
the  Carbocoal  process,  and  there  would  be  a  ready  market,  both  for  the 
Carbocoal  and  for  the  byproducts. 

One  rather  unusual  feature  of  the  process,  as  applied  to  fuel,  is  the 
fact  that  it  greatly  reduces  the  percentage  of  oxygen  in  the  Carbocoal 
as  compared  with  that  in  the  original  coal.  In  the  case  of  one  well  known 
Eastern  coal,  which  normally  contains  from  7  to  10  per  cent,  oxygen, 
the  Carbocoal  produced  from  it  contained  slightly  less  than  1  per  cent. 
As  a  given  amount  of  oxygen  has  about  the  same  effect  on  coal  combustion 
as  a  similar  percentage  of  ash  would  have,  or,  in  other  words,  the  B.t.u. 
in  dry  coal  vary  directly  with  the  percentage  of  oxygen,  this  may  explain 
some  of  the  extraordinary  results  that  have  been  obtained  with  Carbocoal 
in  boiler  and  locomotive  furnaces. 

Another  promising  feature  is  the  entire  suitability  of  the  semi-coke, 
or  coke  residue,  obtained  after  the  first  distillation,  and  before  briquetting, 
for  use  in  byproduct  gas  producers;  here  its  entire  freedom  from  caking, 
or  tar,  its  uniform  quality  and  ease  of  conveying,  in  addition  to  the  fact 
that  the  first  distillation  does  not  remove  any  of  the  original  nitrogen 
in  the  raw  coal,  all  make  the  semi-coke  an  ideal  fuel  for  such  use. 

This  semi-coke  would  also  seem  to  offer  possibilities  for  use  under 
boilers,  either  stoker  or  hand-fired,  where  smokeless  combustion  could 
be  easily  obtained.  Its  use  under  such  conditions  would,  however,  be 
dependent  upon  location,  as  the  semi-coke  could  not  well  be  transported 
for  any  distance. 

As  a  smokeless  fuel  for  the  Navy  and  Merchant  Marine,  especially 
in  war  time,  Carbocoal  should  be  satisfactory.  Indeed,  it  is  understood 
that  tests  made  by  the  U.  S.  Navy  at  its  Annapolis  testing  plant  have 
given  quite  remarkable  results,  both  in  evaporation,  quick  response  to 
draft  changes,  and  entire  absence  of  smoke.  As  a  result  of  these  tests, 
the  Emergency  Fleet  Corporation  has  taken  up  the  question  of  using 
Carbocoal  on  ships  passing  through  the  submarine  zones. 


Air  Blasts  in  the  Eolar  Gold  Field,  India 

Discussion  of  the  paper  of  E.  S.  Moore,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BvUetin  No.  136,  March,  1918,  p.  687. 

W.  F.  Smeeth,*  Bangalore,  Mysore,  India  (written  discussion t).— 
Before  dealing  with  the  air  blasts,  I  would  like  to  clear  up  a  geological 
point.  The  author  states  that  the  matrix  of  the  conglomerate  resembles 
a  hornblende  schist.     This  is  a  misapprehension.     The  conglomerate 
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band,  or  series,  is  composed  essentially  of  granitic  gneiss  with  sporadic 
patches  containing  pebbles^-or  lumps — of  granitic  material  and  frag- 
ments, or  included  patches,  of  the  overlying  hornblende  schists  and 
banded  iron-ore  formation.  The  conglomeratic  gneiss  is  oblique  to 
the  banding  of  the  schists  and  penetrates  them  in  tongues.  Toward 
the  south  of  the  field  it  cuts  across  the  schist  bands  for  about  2  miles, 
and  similar  granitic  material  is  found  in  the  mines,  at  a  depth  of  3000  ft. 
or  more,  in  bands  or  tongues  which  give  evidence  of  intrusive  action 
in  relation  to  the  hornblende  schists.  It  is  not  understood  in  what 
sense  the  author  regards  this  material  as  similar  to  the  basal  Huronian 
conglomerates  of  America,  but  I  gather  that  he  considers  it  to  be  sedi- 
mentary in  origin  and  that  he  differs  from  my  view  that  it  is  an  intrusive 
gneiss  with  autoclastic  pebbles  and  included  fragments  of  the  schists. 
Also,  it  is  not  clear  in  what  way  this  conglomerate,  which  is  admitted 
to  be  younger  than  the  schists,  can  be  regarded  as  basal  or  how  it  can 
indicate  the  presence  of  a  syncline  in  those  schists.  Perhaps  the  author 
would  kindly  further  elucidate  his  views. 

The  author  criticizes  the  use  of  the  term  "air  blast"  and  in  this 
everyone  will,  I  think,  agree  with  him.  Many  years  ago  the  term  was 
in  use  in  the  Cornish  mines  where  rock  was  encountered  which  showed 
a  tendency  to  fly,  or  split  off  violently  in  small  fragments;  this  was 
referred  to  by  the  miners  as  "airing. "  Some  15  or  20  years  ago  similar 
phenomena  became  prevalent  in  the  Kolar  Field  and  were  referred  to  in 
the  same  terms,  but  about  the  same  time  more  than  usually  violent 
effects,  which  involved  the  displacement  of  considerable  masses  of  rock, 
the  smashing  of  large  timbers  and  production  of  violent  shocks,  which 
were  distinctly  and  alarmingly  felt  at  surface,  began  to  attract  attention. 

A  study^  of  a  number  of  cases  led  me  to  divide  these  phenomena 
into  two  classes,  one  of  which  I  called  "quakes''  and  for  the  other  I 
retained  the  term  "air  blast,"  then  in  common  use. 

The  distinction  which  I  endeavored  to  make  was  that  quakes  were 
larger  and  more  serious  phenomena,  involving  considerable  destructive 
effects  underground,  accompanied  by  perceptible  shocks  at  surface, 
and  due,  essentially,  to  the  sudden  fracture  of  pillars  or  blocks  of  quartz 
left  standing  in  the  workings  during  the  course  of  mining  operations. 
The  failure  of  such  pillars  was  considered  to  be  the  result  of  compressive 
or  shearing  stresses  due  to  superincumbent  weight,  which  was  a  function 
partly  of  the  depth  from  surface  and  partly  of  the  extent  to  which  the 
surrounding  quartz  had  been  stoped  out,  thereby  increasing  the  weight 
to  be  supported  by  the  pillar.  The  suddenness  and  violence  of  shock 
depends  on  the  physical  characters  of  the  quartz  and  of  the  overlying 
and  underlying  rock  (hard  crystalline  hornblende  schist  and  epidiorite) 

*  Air  Blasts  and  Quakes  in  the  Kolar  Field.     By  W.  F.  Smeeth,  M.  A.,  D.  So. 
MyBore  Geol.  Dept.  (1004),  BuU.  No.  2. 


1644  discussion:  Colorado  meeting,  1918 

which  do  not  permit  of  quiet  deformation,  or  adjustment,  with  the  result 
that  disruption  is  correspondingly  violent  when  the  breaking  stress  is 
reached. 

Air  blasts,  on  the  other  hand,  were  restricted  to  bursts  of  rock, 
whether  of  quartz,  hornblende  schist  or  trap  dyke,  which  occurred 
in  circumstances  which  seemed  to  preclude  superincumbent  pressure 
as  an  essential  factor,  and  were  considered  to  be  due  to  intrinsic  strain 
in  the  particular  mass  of  rock  involved.  I  may  add  that  the  term 
"air  blast"  has  been  practically  discarded  for  some  years,  and  these 
occurrences  are  now  commonly- referred  to  as  "rock  bursts." 

At  the  time  the  Bulletin  quoted  above  was  written,  these  rock- 
bursts  were  much  less  serious  phenomena  than  the  quakes.  Small, 
and  sometimes  moderately  large,  pieces  of  rock  were  thrown  from  the 
working  faces  with  disruptive  violence  accompanied  by  considerable 
detonation,  but  the  eflfects  were  very  local,  timbers  were  not  affected  and 
it  was  not  considered  that  any  perceptible  shocks  were  felt  at  surface. 
Since  that  time  these  rock  bursts  have  been  recognized  as  being  of  greater 
magnitude  and  accompanied  by  damage  to  timbers  and  perceptible 
shocks,  so  that  the  visible  and  sensible  distinction  between  quakes  and 
rock  bursts  has  almost  ceased  to  exist,  although  I  am  of  opinion  that  the 
genetic  distinction  is  still  valid.  Such  distinction  can  be  recognized, 
however,  only  when  the  scene  of  a  particular  occurrence  is  known  and 
can  be  carefully  inspected;  and  in  many  cases  this  is  not  practicable. 

In  his  paper.  Prof.  Moore  agrees  that,  the  rock  bursts  are  due  to  a 
condition  of  strain  in  the  portions  of  rock  in  which  they  occur,  and  con- 
siders that  the  strain  is  the  result  of  regional  compression  which  operated 
in  former  times,  and  that  the  rocks  are  still,  on  the  whole,  under  great 
cwnpressive  stress.  In  the  next  paragraph  (p.  693)  he  states:  "in 
some  places  the  rocks  have  yielded  to  compressional  forces,  which  have 
produced  the  movements  indicated  by  the  slickensides,  while  in  others 
they  have  not  been  compressed  suflBiciently  to  cause  them  either  to  shear 
or  to  rupture,  and  in  these  spots  the  potential  energy  gives  rise  to  the 
blasts." 

The  latter  statement  appears  to  contradict  the  former,  but  I  presume 
that  what  the  author  means  is  that  in  some  places  the  strain  has  been 
relieved  by  fracture  and  movement  while  in  others  the  rock  is  still  under 
great  compressional  stress.  This  is  quite  a  reasonable  view  and  I  shall 
refer  to  it  later.  With  regard  to  the  larger  shocks,  or  quakes,  due  to  the 
failure  of  pillars  of  quartz  in  stoped  areas,  the  author  admits  that  they 
seem  to  owe  their  origin  partly  to  the  superincumbent  load  but  adds  that 
"their  violence  can  only  be  ascribed,  like  that  of  the  air  blasts,  to  some 
latent  energy  or  strain  in  the  rocks  of  this  area."  With  this  view  I 
do  not  agree.  If  we  have  a  pillar  of  quartz  imder  great  stress  due  to 
superincumbent  weight,  and  if,  in  addition,  some  of  the  adjacent  rock 
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is  in  a  condition  of  intrinsic  strain  due  to  other  causes,  we  may  obviously 
get  any  combination  of  a  quake  and  a  rock  burst;  the  one  may  set  the. 
other  oflf  and  the  resulting  effects  may  be  greater  than  would  have  been 
the  case  with  either  acting  alone.  But,  in  my  opinion,  the  quake,  or 
shock  due  to  failure  of  a  pillar  under  weight,  may,  and  often  does,  take 
place  without  any  of  the  rock  concerned  being  in  a  condition  of  what  we 
may  call  intrinsic  strain,  and  therefore,  without  the  production  of  what  I 
have  defined  as  an  air  blast  or  rock  burst.  In  so  complex  and  difficult 
a  problem  it  would  be  a  pity  to  confuse  or  obscure  any  legitimate  and 
reasonable  distinction  which  can  be  detected  among  the  very  varied 
phenomena  which  are  known  to  occur,  and  it  appears  to  me  that  Prof. 
Moore's  contention,  that  the  violence  of  the  quakes  is  really  due  to  some 
condition  of  strain  resulting  from  original  compression,  tends  to  such 
confusion  and  merely  obscures  the  issues.  In  my  opinion,  as  already 
stated,  the  quakes  are  due  simply  to  superincumbent  weight  and  their 
violence  is  a  function  of  the  natural  physical  constants  of  the  rock 
involved. 

As  an  illustration  of  this  we  may  take  the  case  of  the  Rand  mines  of 
the  Transvaal  where,  in  recent  years  and  with  increasing  depth,  shocks 
due  to  failure  of  pillars  have  become  troublesome  and  have  been  reported 
upon  by  a  special  Commission.  In  those  mines,  rock  bursts  in  shafts, 
drives  or  crosscuts,  far  removed  from  stoped  areas,  are  practically  un- 
known, and  the  strained  rocks,  with  which  we  have  to  deal  at  Kolar, 
do  not  appear  to  exist.  This  is  useful  evidence  that  violent  quakes  may 
occur  as  the  result  of  pressure  due  to.  weight  alone,  quite  independently 
of  strain  due  to  other  causes,  and  the  evidence  is  clearer  than  that  obtain- 
able at  Kolar  where  both  sets  of  conditions  are  frequently  associated. 
Such  association  is,  however,  no  justification  for  allowing  our  ideas  to 
become  confused. 

My  object  in  again  drawing  attention  to  the  genetic  difference  between 
rock  bursts  and  quakes  is  not  for  the  purpose  of  offering  criticism,  or  for 
the  sake  of  establishing  a  mere  academic  distinction,  but  rather  with  a 
view  to  a  practical  working  policy  in  dealing  with  these  dangerous  phe- 
nomena. When  I  started  my  investigation,  some  17  or  18  years  ago, 
rock  bursts  were  not  very  serious  features  and  little  was  done  to  guard 
against  them.  Quakes  were  comparatively  rare  and  were  regarded  as 
bigger  air  blasts  or  as  falls  of  ground.  Comparatively  little  timber  was 
put  in,  except  in  shafts  and  to  support  heavy  ground,  and  systematic 
filling  of  stopes  was  practically  unknown.  The  shafts  were  nearly  all 
inclined  and  carried  down  along  the  course  of  the  quartz  veins  or  shoots, 
and  pillars  of  quartz  or  poor  rock  were  numerous  throughout  the  stopes. 
The  recognition  that  piUars  were  a  source  of  danger,  which  was  bound 
to  increase  with  the  extension  of  stoping  and  with  increase  of  depth, 
led  to  a  general  change  of  policy.    Inclined  shafts  have,  in  recent  years, 
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been  carried  in  the  solid  hanging  or  footwall  rock.  In  the  case  of  several 
of  the  old  shafts,  which  had  been  smashed  up,  time  after  time,  owing 
to  the  failure  of  some  of  the  supporting  pillars,  the  bold  step  was  taken 
of  entirely  removing  these  pillars  and  replacing  them  by  timber  and  packs 
of  waste  rock,  with  the  result  that  most  of  the  trouble  has  ceased. 

Stoping  is  planned,  as  far  as  possible,  to  avoid  the  leaving  of  small  pil- 
lars by  taking  out  the  ore  in  large  blocks  as  rapidly  as  possible  and  leaving 
large  blocks  of  untouched  ground  between  them.  In  the  leaving  of 
these  large  blocks  advantage  is  taken  of  poor  zones  between  the  payable 
shoots,  but  where  these  are  not  available  large  blocks  of  payable  ore  may 
be  left  for  future  exploitation. 

Systematic  filling  with  waste  rock,  some  of  which  is  sent  down  from 
surface,  has  been  extensively  developed  and,  in  the  steeper  mines, 
methods  have  been  devised  for  securing  considerable  consolidation  of  the 
packing.  At  first,  it  was  customary  to  carry  a  stope  down  for  a  depth  of 
30  ft.  (9  m.)  and  then  put  in  a  stuU  and  fill  the  excavation  with  waste  rock. 
Another  30  ft.  was  then  stoped  below  the  first  stull  and  a  second  stull, 
with  packing  on  top,  was  put  in.  The  final  30  ft.  was  then  taken  out 
and  similarly  packed.  The  result  of  this  method  was  that  the  three 
separate  sets  of  packing  were  poorly  consolidated  and  afforded  little 
support  for  the  hanging  until  the  latter  had  closed  down  considerably  and 
caused  dangerous  strain  in  adjacent  pillars  or  in  the  more  massive  bands 
of  rock  in  the  hanging  itself.  These  strains  were  relieved  by  sudden  frac- 
tures accompanied  by  severe  shocks,  the  smashing  of  heavy  timbers  and 
the  filling  up  of  levels  and  stopes  with  broken  timber  and  rock.  In  other 
words,  although  this  filling  was  doubtless  of  some  service,  and  was  pref- 
erable to  the  practical  absence  of  filling  previously  in  vogue,  it  failed  to 
prevent  a  marked  increase  in  the  number  and  intensity  of  the  quakes 
with  increase  of  depth  and  extension  of  stoped  areas. 

In  this  connection  it  may  be  as  well  to  note  that  failiure  of  pillars 
under  excessive  weight  is  not  the  only  source  of  quakes,  and  it  is  remark- 
able that  quakes  have  been  much  less  frequent  in  the  Mysore  mine,  where 
the  stopes  dip  at  45°  to  50°,  than  in  the  Champion  Reef  and  Ooregum  mines 
where  the  dip  is  from  60°  to  80°.  In  the  latter  mines  the  stress  on  pil- 
lars, due  to  weight,  will  be  very  oblique  to  the  axis  of  the  pillars,  and  fail- 
ure will  be  due,  largely,  to  shearing  forces.  Where  the  dip  is  very  steep, 
much  of  the  weight  will  go  to  produce  a  longitudinal  thrust,  in  the  direc- 
tion of  the  dip,  on  the  beds  or  bands  of  rock  in  the  hanging,  and  as  these 
vary  in  texture  and  schistosity  we  may  expect  that  some  of  the  more  mass- 
ive bands  will  take  upon  themselves  the  greater  part  of  the  burden; 
and  if  allowed  to  bend,  to  any  great  extent,  they  are  liable  to  snap  sud- 
denly with  the  result  that  a  disastrous  quake  is  produced.  The  im- 
portance of  supporting  the  hanging  as  early  as  possible  is  obvious,  and  the 
following  method  has  been  adopted,  for  some  years,  with  a  view  to  get- 
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ting  in  the  filling  before  any  wide  extent  of  hanging  is  exposed,  and  of 
obtaining  as  much  consolidation  as  possible. 

A  heavy  packed  stuU  is  put  in  at  the  back  of  the  lower  level.  From 
the  level  above,  a  stope,  30  ft.  (9  m.)  in  length,  is  carried  down  to  the  bot- 
tom stull  as  rapidly  as  possible,  and  stulls,  covered  with  4  by  4-in  lagging, 
are  put  in  at  depths  of  30  and  60  ft.  to  protect  the  workers  from  loose 
fragments  or  rock  bursts  during  this  operation.  The  ends  are  also 
boxed  in.  When  the  stope  is  finished,  the  laggings  are  removed,  and 
sometimes  also  the  intermediate  stull  pieces,  and  waste  rock  is  shot 
down  the  whole  depth  of  the  stope  from  the  level  above.  The  next 
stope  is  similarly  treated,  and  so  on  until  the  entire  block  has  been  re- 
moved. The  method  has  proved  satisfactory  in  operation  and  there  is 
little  doubt  that  it  has  saved  many  quakes  though  it  has  by  no  means 
entirely  obviated  them.  It  is  impossible  to  get  any  filling  which  will 
take  up  its  work  at  once  without  material  shrinkage,  whether  the  filling 
be  waste  rock  or  the  water-borne  sand  which  is  now  so  largely  used  in 
the  Transvaal.  The  hanging  will  therefore  settle  down  to  an  appreci- 
able extent,  and  in  the  case  of  hard  rocks  with  low  elastic  limits  the 
pressure  will  be  unequally  and  dangerously  distributed  on  certain  pillars, 
or  the  more  solid  bands  in  the  hanging  will  reach  their  limits  of  tensile  or 
shearing  stress  and  yield  with  sudden  violence. 

Other  methods  of  stoping  and  filling  are  at  present  under  trial,  which  I 
will  not  refer  to  here. 

I  may  now  turn  for  a  moment  to  rock  bursts  and  endeavor  to  point 
out  how  they  diflfer  from  quakes,  and  to  supplement  the  illustrations  given 
by  Prof.  Moore.  There  is  no  doubt  that  they  occur  in  stopes,  but  in  such 
places  the  evidence  as  to  their  nature  and  origin  is  complicated  and  ob- 
scured by  the  occurrence  of  quakes,  falls  of  ground,  and  other  effects  of 
movement  and  superincumbent  weight.  For  more  distinctive  evidence 
we  must  go  to  drifts,  crosscuts,  and  shafts,  which  are  being  excavated  in 
solid  rock  far  removed  from  stopes,  in  which  the  superincumbent  weight 
is  merely  that  due  to  depth.  As  the  rock  bursts  have  been  known  to 
occur  at  all  depths  from  about  600  ft.  (183  m.)  below  surface  down- 
ward, it  is  obvious  that  the  mere  weight  of  the  overlying  rock  can 
contribute  little,  if  anything,  to  the  causes  that  produce  these  violent 
disruptions. 

They  occur  most  frequently  in  the  quartz  of  the  veins — probably  due 
to  the  fact  that  a  greater  footage  is  driven  in  quartz  than  in  other  rock — 
but,  contrary  to  what  Prof.  Moore  states,  they  are  not  of  any  considerable 
magnitude  or  violence  in  this  material.  Occasionally  they  have  been 
known  to  occur  in  the  trap  (dolerite)  dykes  which  cut  across  the  formation 
from  east  to  west  or  north  to  south,  and  they  occur  fairly  frequently  in 
the  more  massive  hornblende  schists  and  epidiorites  which  form  the 
mass  of  the  country. 
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Sometimes  they  occur  at  or  close  to  the  working  end  while  excavation 
is  in  progress;  more  frequently,  some  little  time  after  the  excavation  has 
been  made,  as  though  the  internal  strain  took  some  time  to  reach  a 
critical  point,  and  occasionally  the  effect  is  delayed  until  several  years 
after  the  excavation  (such  as  a  shaft)  has  been  completed  and  used. 

The  bursts  are  quite  sporadic.  A  working  may  be  driven  for  many 
feet,  and  even  for  thousands  of  feet,  with  no  sign  of  trouble  when,  without 
warning,  a  burst  or  a  series  of  bursts  may  occur,  or  a  zone  or  patch  of 
rock  may  start  firing  itself  off  for  some  considerable  time,  and  the  working 
may  have  to  be  suspended  imtil  the  display  is  finished.  A  few  specific 
cases  may  be  quoted  in  illustration. 

In  driving  the  1940  level,  (Dhampion  Reef,  annoyance  was  caused  by 
small  pieces  of  quartz  bursting  from  the  roof.  In  one  section,  where  the 
quartz  was  10  ft.  (3  m.)  wide,  the  trouble  became  so  bad  that  work  had  to 
be  stopped  and  the  quartz  fired  itself  out  in  a  wedge  extending  upward 
for  8  or  9  ft.  above  the  roof  of  the  level,  and  then  stopped,  fbccept  for  the 
levels  at  every  100  ft.  (30.4  m.)  there  was  no  excavation  below  this  sec- 
tion nor  for  1300  ft.  (396  m.)  above  it.  Superincumbent  weight  appears 
therefore  to  be  excluded  as  a  cause  of  these  bursts  and,  moreover,  no  such 
bursts  were  experienced  in  driving  the  1840  level  above  nor  the  2040 
level  below.  The  circumstances  appear  to  exclude  existing  regional 
compression,  also,  as  a  cause  and  suggest  that  the  bursts  were  due  to  local 
internal  strain  in  the  section  of  quartz  affected. 

Instances  of  bursts  in  the  trap  dykes  are  not  numerous.  A  couple  of 
years  ago  I  was  passing  along  a  level  in  the  Mysore  mine  which  was 
driven  through  a  zone  of  poor,  unstoped,  ground.  The  level  passed 
through  a  transverse  dyke  of  a  few  yards  in  width,  the  surface  of  which 
was  much  cracked,  owing,  doubtless,  to  long  exposure.  It  looked  safe 
enough  and  I  dug  out  a  piece  as  a  specimen.  I  had  not  proceeded  more 
than  10  yards  or  so  along  the  level  when  there  was  a  loud  bang  and  about 
100  lb.  of  the  dyke  was  thrown  out  across  the  level.  I  was  told  that 
similar  bursts  had  occurred  in  this  dyke  on  previous  occasions. 

A  severe  burst  occurred  in  Gifford's  shaft,  Champion  Reef,  at  a  depth 
of  less  than  1000  ft.  (306  m.)  from  surface.  It  is  a  vertical,  circular 
shaft,  lined  with  brick,  and  was  being  sunk  in  solid  rock  some  thousands 
of  feet  from  any  mine  workings.  Its  depth,  at  the  time,  was  1090  ft. 
(332  m.),  the  brick  lining  was  down  to  34  ft.  (10.3  m.)  from  the  bottom, 
and  no  bursts  or  other  trouble  had  been  experienced.  On  the  day  in 
question,  the  exposed  surface  below  the  bricking  was  carefully  cleaned 
down  and  all  loose  removed.  The  stage  was  lowered  and  drilling  started. 
About  20  min.  afterward  there  was  a  loud  report,  accompanied  by  shock, 
and  some  80  tons  of  rock  burst  from  the  west  side  and  fell  into  the  sink. 
In  this  case  the  depth  from  surface  was  small  and  the  noise  and  shock, 
which  are  stated  to  have  been  heard  and  felt,  are  against  the  explanation 
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that  the  occurrence  was  merely  the  breaking  way  of  a  large  mass  of  loose 
material. 

We  may  next  take  a  case  in  which  there  could  be  no  suggestion  that 
the  burst  was  due  to  a  faU  of  loose.  Carmichaers  shaft.  Champion  Reef, 
was  being  sunk,  on  the  underlie,  at  a  depth  of  4700  ft.  from  surface 
(nearly  4000  ft. — 1219  m. — vertical).  The  hanging-wall  of  the  shaft 
was  timbered  and  lagged  to  within  10  or  12  ft.  of  the  sink.  On  the 
footwall  the  skip  road  had  been  completed  to  within  25  ft.  of  the  bottom 
and  below  that  bearers  had  been  put  in.  A  severe  burst  then  occurred, 
accompanied  by  a  shock  which  was  felt  and  registered  at  surface.  The 
footwall  was  broken  up  for  50  ft.  (15  m.)  above  the  bottom,  many  tons  of 
rock  were  thrown  up  and  fell  to  the  bottom  of  the  shaft  and  the  skip 
road  and  timbers  were  much  damaged.  Neither  the  hanging,  nor  its 
timbers,  nor  the  sides  of  the  shaft  showed  the  least  evidence  of  disturbance 
or  injury.  The  shaft  was  well  within  the  solid  hanging,  some  70  ft.  west 
of  the  lode,  and  there  was  no  stoping  or  excavation  (except  the  shaft 
itself  and  its  crosscuts)  within  1000  ft.  (305  m.)  of  the  point  where  the 
burst  occurred.  Moreover,  no  trouble  of  this  kind  had  been  experienced, 
previously,  during  the  sinking  of  the  shaft.  All  the  circumstances  point 
to-intense  local  strain  in  some  particular  mass  of  rock  at  the  point  where 
the  burst  occurred. 

One  more  case  may  be  given,  in  which  the  burst  occurred  several 
years  after  the  shaft  had  been  completed.  Garland's  shaft.  Champion 
Reef,  is  an  underlie  shaft  the  upper  portion  of  which  followed  the  lode 
and  was  therefore  surrounded  by  pillars  and  stopes  and  had  suffered, 
from  time  to  time,  from  quakes.  In  the  lower  levels  it  passed  into  the 
solid  hanging  and  at  the  point  where  the  burst  occurred  it  was  70  ft. 
(21  m.)  west  of  the  lode  in  solid  rock.  Little  trouble  had  been  experienced 
in  the  portion  carried  with  the  hanging  wall.  About  noon  of  the  day  in 
question  I  had  occasion  to  pass  up  the  shaft,  from  the  35th  to  the  30th 
level,  in  company  with  Mr.  Henry  Gifford,  the  superintendent  of  the 
mine,  and  we  were  discussing  the  satisfactory  results  of  keeping  these 
shafts  well  within  solid  rock  and  away  from  the  stopes.  The  shaft  was 
fuDy  timbered  with  square  sets  and  complete  lagging  and  the  timbers 
showed  no  sign  of  pressure  or  movement".  A  few  hours  later  a  severe 
burst  occurred  between  the  32d  and  34th  levels;  I  myself  felt  the  shock 
at  a  distance  of  nearly  2  miles  from  the  shaft  and  the  shock  was  duly 
recorded  on  the  seismographs  at  Ooregum.  I  went  down  next  morning 
and  found  that  the  footwall  of  the  shaft  had  burst  for  some  30  or  40  ft. 
above  the  33d  level;  the  9-in.  timbers  were  smashed  and  thrown  into  the 
shaft  along  with  tons  of  broken  rock.  Further,  a  considerable  portion 
of  the  hanging  below  the  33d  level  was  also  blown  out  and  the  timbers 
and  lagging  smashed.  Probing  with  a  stick  showed  that  the  roof  of  the 
shaft  had  been  blown  out  to  a  height  of  some  8  ft.  (2.4  m.)  above  the 
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original  timbers.  There  was  a  crosscut  from  the  shaft  and  a  level  and 
some  stopes  70  ft.  (21  m.)  east  of  it,  and  in  these,  beyond  the  shaking 
down  of  some  pieces  of  loose,  there  were  no  signs  of  movement  or  fracture. 
In  this  case,  also,  the  bursts  appear  to  have  been  due  to  the  release  of 
intense  local  strain  within  the  solid  rock  without  any  evidence  of  pressure 
or  movement  in  the  immediate  environment. 

The  foregoing  cases  will  serve  to  show  the  character  of  these  rock 
bursts,  which  appear  to  be  more  frequent  and  violent  in  the  Kolar 
mines  than  anywhere  else.     It  does  not  seem  possible  to  suggest  any 
means  of  preventing  their  occurrence,  but  a  great  deal  has  been  done  to 
protect  workmen  against  the  more  numerous  bursts  which  are  not  of 
exceptional  violence.     In  vertical  shafts  a  movable  protective  shield  is 
provided  below  the  point  to  which  the  brick  lining  has  been  put  in.    In 
underlie  shafts  and  in  many  winzes,  drives  and  crosscuts,  either  perma- 
nent or  temporary  timbering  is  carried  as  close  to  the  working  faces 
as  possible.     When  a  patch  of  ground  which  shows  a  tendency  to  burst 
is  being  driven  through,  work  is  frequently  suspended  to  give  the 
strains  a  chance  to  relieve  themselves.     Some  bursts  are  so  unexpected 
or  so  violent  that  no  amount  of  care  or  protection  is  of  any  use  and  regret- 
ably  large  loss  of  life,  or  injury,  occasionally  occurs.     EflSciency-of 
protection  must,  however,  be  judged  by  average  results  and,  considering 
the  large  number  of  quakes  and  rock  bursts  which  occur,  the  average 
results  must  be  regarded  as  indicating  a  considerable  measure  of  success 
which  will,  I  hope,  still  be  increased.    For  some  years  past  a  well-equipped 
seismological  observatory  has  been  installed  on  the  field  by  the  mining 
companies  under  the  management  of  Messrs.  John  Taylor  &  Sons. 
This  is  in  charge  of  H.  M.  A.  Cooke,  Superintendent  of  the  Ooregum 
Company,  who  has  devoted  much  time  and  ability  to  securing  records  and 
subjecting  them  to  critical  scrutiny.     The  number  of  shocks  recorded 
depends  on  the  adjustments  of  the  instruments,  and  for  some  years 
past  they  have  varied  from  about  13,000  to  over  17,000  per  annum 
— the  tendency  being  toward  an  increase.     In  the  majority  of  shocks 
the  displacement  of  the  stylus  is  less  than  1  mm.,  representing  a  rock 
movement  of  about  0.01  mm.     In  a  few  cases  the  movement  of  the 
stylus  is  greater,  up  to,  if  I  remember  correctly,  about  7  mm.     The 
period  of  vibration  is  too  short  to  permit  the  recording  of  any  wave 
motion,  arid  the  stylus  makes  a  single  tick,  the  length  of  which  is  taken 
as  an  indication  of  the  violence  of  the  shock. 

Of  the  shocks  recorded,  about  2  per  cent,  are  reported  as  having  been 
felt  and  of  these  less  than  10  per  cent,  are  usually  classed  as  heavy.  In 
other  words  some  250  to  300  shocks  are  felt  during  a  year,  of  which  15 
to  25  are  classed  as  heavy.  The  exact  location  of  the  majority  of  the 
shocks  felt,  and  of  many  of  the  heavy  ones,  is  never  discovered;  probably 
they  occur  in  stoped  out  and  abandoned  areas. 
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As  to  the  causes  of  the  shocks,  I  believe  that  they  are  many  and  varied 
and  that  each  requires  to  be  examined  and  discussed  on  its  merits  before 
any  sound  conclusion  can  be  drawn. 

I  have  defined  quakes  as  fractures  or  ruptures  of  pillars  or  other 
masses  which  are  called  upon  to  support  a  superincumbent  weight  in 
excess  of  their  limits  of  endurance.  These  weights  are  not  due  to  great 
depth,  but  depend  upon  the  extent  to  which  the  adjacent  support  has  been 
removed  by  stoping  operations,  while  the  sudden  violence  of  the  shock  is  a 
function  of  the  physical  constants  of  the  mass  of  rock  involved.  I  am 
satisfied  that  this  is  a  genuine  and  sufficient  cause  and  that  it  is  unneces- 
sary to  conclude  that  the  rock  is  under  any  additional  stress  due  to  other 
causes.  Such  additional  (intrinsic)  strain  may  or  may  not  be  present 
in  apy  given  case  and  may  add  to,  or  perhaps  even  detract  from,  the 
net  result,  but  it  is  not  an  essential  feature. 

In  the  case  of  rock  bursts,  exactly  the  opposite  would  appear  to  hold 
good.  The  cases  quoted  seem  to  show  that,  in  places,  the  rock  is  in  a  con- 
dition of  intrinsic  strain  which  is  practically  independent  of  the  pressure 
due  to  depth  or  to  the  removal  of  support  by  extensive  excavation.  The 
origin  of  such  strains  and  their  sporadic  character  are  undoubtedly 
difficult  problems.  Prof.  Moore  regards  them  as  due  to  great  compres- 
sive stresses  in  former  times  and  considers  that  the  rocks  are  still  under 
great  compression.  He  suggests  that  the  strains  may  have  been  partially 
relieved,  or  distributed,  by  movement,  but  portions  of  highly  squeezed 
and  strained  rock  remain  which  are  liable  to  burst  disruptively  when 
encountered  in  the  mine  workings.  This  is  practically  the  view  put 
forward  some  16  years  ago  by  Mr.  Bosworth-Smith,  and  I  am  by  no  means 
prepared  to  deny  that  such  highly  squeezed  patches  may  exist. 

I  am  not,  however,  prepared  to  admit  that  these  rocks  are,  on  the 
whole,  under  great  compression  at  the  present  time,  as  asserted  by 
Prof.  Moore,  and  I  know  of  no  evidence  to  support  such  a  view.  No 
doubt  they  were  highly  compressed  when  the  schists  were  folded,  as 
well  as  after  the  introduction  of  the  quartz  veins  which  are  crashed, 
faulted  and  intersected  by  great  faults  with  slickensided  walls.  Much  of 
the  pressure  and  movement  probably  accompanied  the  intrusion  of  the 
Peninsular  gneiss  in  Archaean  times,  and  since  Archaean  times  there  is 
no  evidence  of  pressure  or  differential  movement  in  the  rocks  of  the 
State.  In  Pre-Cambrian  times  the  rocks,  both  schist  and  gneiss,  were 
penetrated  by  a  great  series  of  dolerite  dykes  which  traverse  them  in 
east  and  west  and  north  and  south  directions.  The  walls  of  the  dykes 
show  no  signs  of  faulting,  brecciation  or  slickensides,  and  the  dykes  show 
no  signs  of  pressure,  faulting  or  folding.  It  seems  probable  that  the 
dykes  welled  quietly  into  a  great  rectangular  series  of  contraction  rifts 
due  partly  to  contraction,  resulting  from  the  cooling  of  the  great  mass 
of  the  Peninsular  gneiss,  and  partly  to  buoyancy  which  accompanied  ex- 


1552  discussion:  Colorado  meetinGi  1918 

tensive  denudation.  Since  that  time,  denudation  has  continued  uninter- 
ruptedly and  many  thousands  of  feet  of  schist  and  gneiss  must  have  been 
removed  with  consequent  relief  of  compression,  which  would  be  further 
relieved  by  secular  cooling  and  shrinkage  as  the  depth  from  surface  was 
reduced. 

In  the  absence  of  any  evidence  of  existing  regional  compression,  it 
seems  reasonable  to  conclude  that  the  original  compression  which  pro- 
duced  folding,   faulting,   slickensides,  etc.   has  been  largely,  though 
unevenly,  relieved.    If  some  portions  of  rock  still  remain  in  a  state  of 
squeeze  it  is  open  to  doubt  if  they  would  burst  out  in  large  pieces,  though 
some  shaling  might  occur,  as  in  the  case  of  pillars  under  great  weight. 
If  there  are  residual  strains  remaining  from  the  period  of  great  com- 
pression and  folding  it  is  probable  that  the  more  important  of  these  are 
connected  with  the  bending  of  the  more  massive  layers  and  local  in- 
equalities of  adjustment.    Parts  of  the  rock  will  be  in  tension  and  parts 
in  compression  and  the  former  will  be  those  to  give  way  first  and  most 
frequently.    There  may  also  be  bending  moments  due  to  the  regional 
elevation  of  the  Mysore  Plateau,  though  we  have  no  evidence  of  this  at 
the  present  time,  or  there  may  be  a  certain  amount  of  stretching  due  to 
buoyancy  resulting  from  the  removal  of  a  great  superinciunbent  layer. 
If  we  add  the  shrinkage  due  first  to  the  cooling  of  large  igneous  masses 
of  gneiss  and  later  to  reduction  of  temperature  from  degradation  of 
the  surface,  there  appears  to  be  ample  opportunity  for  the  production  of 
tensional  strain,  which  will  be  locally  and  variably  distributed  according 
to  the  varying  character  of  the  rock  layers  and  the  local  adjustments 
previously  effected.     Such  earlier  adjustments  are  suggested  by  the 
cross  joints  filled  with  calcite  and  quartz,  and  present-day  adjustments, 
apart  from  the  rock  bursts  themselves,  are  suggested  by  the  frequent 
tendency  of  the  footwall  to  loosen  itself  in  large  rectangular  blocks  and  the 
occasional  occurrence  of  fissures  in  both  the  foot  and  hanging  walls  which 
show  no  tendency  to  close.    It  may  be  that  the  excavation  of  the 
mine  workings,  foUowed  by  lowering  of  temperature  due  to  ventilation  or 
compressed  air,  is  often  the  last  straw  which  carries  the  tensile  strain  past 
the  critical  moment. 

I  have  pointed  out  that  these  rock  bursts  occur  in  the  trap  dykes 
and  that  there  is  no  suggestion  or  evidence  that  the  dykes  have  been 
subject  to  compression  since  their  solidification.  On  the  other  hand,  we 
cannot  doubt  that  they  have  cooled  and  contracted  and  as  they  are 
firmly  frozen  to  the  enclosing  rock  it  is  probable  that  they  are  under  ten- 
sion, with  a  tendency  to  shrink  and  rupture  when  the  enclosing  envelope 
is  pierced.  I  do  not  suggest  that  the  tendency  of  the  dykes  to  contract 
produces  a  condition  of  tension  in  the  schists,  but  the  fact  that  rock 
bursts  occur  in  them  suggests  that  the  similar  phenomena  in  the  crys- 
talline schists  may  likewise  be  due  to  tensional  stresses  in  spite  of  the  fact 
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that  schists  were,  obviously,  at  one  time  under  great  compression.  I 
have  endeavored  to  show  that  the  compression  of  the  schists  as  a  whole 
does  not  preclude  a  state  of  tension  in  some  members,  and  that  there 
are  grounds  also  for  believing  that  active  compression  has  long  ceased 
and  that  the  rocks  have  since  been  subject  to  contraction  and  stretching. 
In  conclusion,  I  may  state  that  this  note  has  been  written  while 
travelling  and  that  figures  given  are  quoted  from  memory  and  may  be 
subject  to  some  revision;  they  are,  however,  substantially  correct.  I 
fear  I  may  have  exceeded  the  customary  limits  of  discussion  but  I 
trust  that  the  more  recent  details  which  I  have  been  able  to  furnish  may 
add  to  the  interest  and  value  of  Prof.  Moore's  paper. 


Electrostatic  Precipitation 

Discussion  of  the  paper  of  O.  H.  Eschholz,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BvileHn  No.  140,  August,  1918,  p.  1293. 

Gerabd  B.  Rosenblatt,*  Salt  Lake  City,  Utah  (written  discussionf). 
—Mr.  Eschholz  attacks  this  problem  from  what  appears  to  me  to  be  the 
proper  angle.  He  does  not  limit  his  viewpoint  to  the  attainment  of 
ideal  results  under  conditions  approximating  laboratory  practice,  but 
rather  discusses  actual  commercial  conditions  that  must  be  maintained 
in  large-scale  operations,  where  continuity  of  service  without  expert 
attendance  is  one  of  the  prime  considerations. 

I  am  of  the  opinion  that  Mr.  Eschholz  has  not  given  sufficient  con- 
sideration to  the  commercial  possibilitieB  of  what  he  describes  as  System 
B,  the  use  of  low-tension  a.-c.  industrial  or  lighting  circuits  for  supplying 
power  to  Cottrell  treaters  through  the  medium  of  a  step-up  transformer 
and  a  synchronously  driven  rectifier,  without  the  use  of  motor-generators. 
It  is  true  that,  to  date,  few  installations  on  a  large  scale  have  used  this 
system,  but  I  believe  that  when  the  conditions  of  power  supply  are  suit- 
able, and  when  proper  precautions  are  taken,  this  system  can  be  used 
successfully  and  to  advantage  where  at  present  it  is  considered  necessary 
to  use  motor-generator  sets. 

In  the  average  commercial  Cottrell  installation  of  any  size,  the 
motor-generator  set  is  used  for  two  purposes: 

(1)  To  isolate  the  industrial  supply  circuit  from  the  Cottrell  circuit. 

(2)  To  afford  an  easfly  operated  and  smooth  system  of  control  for 
the  Cottrell  treater  voltage. 

With  proper  engineering,  both  of  these  objects  can  be  accomplished 
without  the  use  of  motor-generator  sets. 

*  Electrical  Engineer, 
t  Received  Aug.  19,  1918. 
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In  isolating  the  industrial  circuit  from  the  low-tension  Cottrell 
circuit,  the  motor-generator  set  performs  two  functions;  it  eliminates 
or  at  least  damps  the  effect  of  irregularities  of  voltage  in  the  industrial 
supply  circuit  upon  the  voltage  of  the  Cottrell  circuit;  and  it  prevents 
disturbances  in  the  Cottrell  circuit  from  being  reflected  back  to  the 
industrial  circuit. 

If  the  voltage  regulation  of  the  industrial  supply  circuit  is  good,  then 
the  first  function  of  the  motor-generator  set  is  unnecessary.  Many 
central  stations  and  many  of  our  larger  industrial  plants,  smelters,  cement 
works,  and  the  like,  maintain  voltage  regulation  which  is  altogether 
adequate  for  direct  supply  to  the  Cottrell  transformer.  Even  if  they 
do  not,  it  may  prove  in  many  cases  that  a  small  automatic  induction 
regulator  of  the  type  commonly  used  in  lighting  systems  may  remedy 
most  of  the  deficiencies  in  voltage  regulation.  It  is  a  matter  of  balancing 
dollars  and  cents  to  determine  whether  such  a  regulator  is  justified. 

As  to  the  reflection  of  Cottrell-circuit  disturbances  to  the  industrial 
circuit,  this  also  can  be  guarded  against  by  the  proper  precautions.  The 
disturbances  that  are  apt  to  emanate  from  the  Cottrell  circuit  may  gen- 
erally be  classified  as  follows: 

(1)  The  creation  of  disturbing  harmonics  by  the  parallel  operation  of 
synchronously  driven  mechanical  rectifiers,  which  rectifiers  cannot  be 
set  so  that  they  make  and  break  contact  at  exactly  the  same  point  in 
each  cycle. 

(2)  The  effect  of  maintained  short-circuits  on  the  high-tension  side 
of  the  step-up  transformer,  usually  in  the  treater  tubes  themselves. 

(3)  The  reflection  of  high-voltage  surges  from  the  high-tension  treater 
circuit  to  the  low-tension  side  of  the  transformer. 

The  harmonics  created  by  the  parallel  operation  of  mechanical  rec- 
tifiers can  be  cared  for  in  a  number  of  ways.  If  the  total  capacity  of 
the  supply  circuit  is  large  in  comparison  with  the  energy  taken  by  the 
Cottrell  system,  these  harmonics  are  readily  absorbed  and  cause  no 
trouble  whatever.  This  has  been  quite  definitely  brought  out  by  cer- 
tain oscillograph  investigations  which  have  been  conducted  with  an 
installation  of  approximately  100  k.v.a.  of  Cottrell  equipment  in  a  western 
smelter.  If,  however,  it  is  desirable  to  absorb  these  harmonics,  it  can  prob- 
ably be  accomplished  by  one  of  several  methods,  none  of  which  has  yet 
received  adequate  investigation.  One  of  these  methods  is  to  supply  a 
damping  winding  in  the  step-up  Cottrell  transformer.  Another  is  the 
possibility  of  using  a  selective  resistor  which  can  be  constructed  to  have 
very  much  higher  impedance  for  abnormal  frequencies  than  for  the 
proper  operating  frequency.  Another  possibility  is  a  synchronous  impe- 
dance connected  to  and  operated  from  the  mechanical  rectifier.  Admit- 
tedly, all  of  these  remedies  for  the  absorption  of  harmonics  introduce 
complications  in  the  circuit,  but  with  proper  development  it  is  very  pos- 
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sible  that  these  complications  may  be  reduced  to  such  an  extent  that,  from 
an  operating  point  of  view,  they  will  be  negligible. 

The  effect  of  maintained  short-circuits  may  be  counteracted  exactly 
as  in  the  use  of  motor-generator  sets;  that  is,  by  proper  mechanical  rec- 
tifier backed  up  by  adequate  circuit-breakers. 

The  reflection  of  high-voltage  surges  is  also  readily  prevented  by  sim- 
ple, permanently  adjusted,  immobile  apparatus  such  as  small  condensers 
connected  between  line  and  ground,  with  possibly  the  addition  of  a  safety 
spark  gap.  Condensers  are  now  used  for  this  purpose  with  most  motor- 
generator  installations. 

With  proper  protective  equipment,  the  life  hazard  mentioned  by  Mr. 
Eschholz  is  certainly  no  greater  when  using  an  industrial  circuit  supply 
for  the  Cottrell  transformer  than  when  using  motor-generator  sets. 

The  control  of  treater  voltage  when  using  an  industrial  circuit  to 
supply  the  Cottrell  transformer  direct  is  probably  not  quite  so  acci^ate 
as  when  using  motor-generator  sets,  but  it  is  sufficiently  fine  for  many 
commercial  applications,  and  the  advantages  of  eliminating  the  motor- 
generator  sets,  even  at  a  sacrifice  in  fineness  of  control,  should  certainly 
receive  consideration  in  many  instances. 

The  maintenance  of  heavy  current  through  variable  resistance  con- 
tacts is  not  so  serious  if  the  contacts  are  properly  designed  and  if  the 
voltage  difference  between  adjacent  contacts  is  kept  low.  It  has  been 
found  that  what  burns  contacts  on  the  series  rheostat,  in  the  low-tension 
of  a  Cottrell  circuit,  is  not  the  current  carried  by  the  contacts  but  the  arc 
formed  when  the  contact  arm  is  moved  from  one  contact  to  another. 
Admittedly,  this  means  a  rheostat  having  a  considerable  but  not  an  in- 
ordinately great  number  of  steps. 

Under  commercial  operating  conditions,  1  question  whether  the  power 
losses  would  be  very  different  in  a  system  using  industrial  power  supply 
than  in  one  of  individual  motor-generator  sets.  The  losses  in  the  series 
adjusting  resistance,  and  in  the  synchronous  motor  for  dnving  the 
rectifier,  probably  would  average  about  the  same  as  the  combined  losses 
in  the  motor-generator  set,  including  those  entailed  in  the  excitation  of 
the  Cottrell  generator.  Anyway,  in  a  commercial  plant,  power  required 
for  electrical  precipitation  is  a  small  portion  of  the  expense  of  operating, 
and  if  one  system  did  take  10  per  cent,  more  power  than  another,  it  would 
be  difficult  to  find  its  effect  in  the  actual  cost  per  ton  of  dust  recovered. 

The  hazard  of  plant  shut-down,  which  might  be  caused  by  a  treater 
disturbance  in  case  industrial  power  is  used  directly  on  the  low-tension 
of  the  Cottrell  transformer,  is  the  one  point  that  cannot  be  decided  until 
some  large  commercial  installation,  omitting  motor-generator  sets,  is 
actually  made  and  operated  for  a  considerable  period  of  time.  I  think 
that,  with  proper  consideration  of  the  points  previously  mentioned,  this 
hazard  would  not  be  serious. 
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The  foregoing  has  been  mainly  confined  to  the  disadvantages  charged 
against  the  omission  of  motor-generator  sets  in  a  commercial  Cottrell 
installation.  The  advantages  of  omitting  the  motor-generator  sets  are 
worthy  of  mention;  they  are: 

(1)  Less  space  required  for  electrical  equipment. 

(2)  Less  apparatus  to  buy  and  care  for. 

(3)  Smoother  operation  if  the  power  supply  has  proper  characteristics. 

(1)  Any  tentative  plant  layout  will  prove  the  space  economy  of  omit- 
ting the  motor-generator  sets,  even  considering  the  increased  space  re- 
quired for  the  switchboard  installation  and  admitting  the  fact  that  the 
rectifier,  whether  driven  from  a  motor-generator  set  or  a  little  synchro- 
nous motor,  occupies  a  large  proportion  of  the  floor  area  required  by  all 
rotating  machinery. 

(2)  The  omission  of  the  motor-generator  set  decreases  the  first  cost 
of  the  apparatus  but,  as  well  pointed  out  by  Mr.  Eschholz,  electrical 
apparatus  is  the  small  end  of  the  first  cost  of  the  treater,  and  I  would  not 
lay  too  much  stress  on  a  slight  reduction  in  first  cost  of  electrical  appara- 
tus. The  matter  of  maintenance  and  attention  is  of  somewhat  more 
importance,  and  I  think  that  it  will  be  found  that  maintenance  of  rheostat 
contacts  and  synchronous  motor  bearings  will  be  less  than  that  of 
motor-generator  sets  with  collector  rings  and  with  exciters  having  com- 
mutators. However,  the  actual  cost  of  maintenance,  in  dollars,  may 
not  differ  greatly  because  an  attendant  is  necessary  in  most  Cottrell 
installations,  and  he  usually  has  spare  time  to  devote  to  keeping  any 
simple  design  of  machine  in  good  shape.  I  believe,  however,  that  shut- 
down due  to  machine  trouble  will  be  probably  less  if  motor-generator 
sets  are  eliminated. 

(3)  The  question  of  smooth  operation  if  industrial  power  supply 
is  used  direct  for*  the  Cottrell  transformers  depends  entirely  on  the  char- 
acteristics of  that  supply.  If  the  wave  form  is  right,  if  the  voltage  r^;u- 
lation  is  good  enough,  and  if  the  capacity  behind  the  plant  is  sufficient, 
experience  has  shown  that  smooth  operation  in  the  Cottrell  treater  fol- 
lows. If  these  conditions  do  not  exist,  then  operation  with  industrial 
power  supply  will  be  very  much  more  troublesome  than  if  motor-genera- 
tor sets  are  used.  For  this  reason,  the  elimination  of  motor-generator 
sets  from  the  installation  for  a  Cottrell  treater  cannot  always  be  properly 
recommended;  I  contend  merely  that  in  many  places  industrial  power 
could  advantageously  be  used  direct. 

In  any  event,  for  a  commercial  installation,  either  the  motor-generator 
set  with  mechanical  rectifiers  and  step-up  transformers,  or  industrial 
power  supply  direct  to  the  step-up  transformer  with  synchronously  driven 
mechanical  rectifiers,  would  seem  far  more  satisfactory  than  any  system 
which,  in  order  to  eliminate  the  mechanical  rectifier,  introduces  intricate 
and  as  yet  not  thoroughly  developed  electrical  equipment.     If  the  Cot- 
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trell  process  is  installed  in  a  plant  to  make  money  from  the  product  re- 
covered, then  the  apparatus  used  must  be  of  the  simplest,  most  rugged^ 
and  most  highly  developed  type. 


The  Byproduct  Coke  Oven  and  Its  Products 

Discussion  of  the  paper  of  W.  H.  Blauvelt,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  Bulletin  No.  135,  March,  1918,  pp.  597  to  614. 

A.  K.  McCosH,  Coatbridge,  Scotland  (written  discussion*). — It  is 
well  known  in  Great  Britain  that  oven  operators  in  the  United  States 
have  been  able  to  reduce  the  coking  time  much  below  European  standards 
by  the  employment  of  higher  temperatures.  Our  linings  have  always 
been  the  factor  that  has  prevented  our  doing  the  same,  and  it  would  be 
of  much  interest  to  coke-oven  operators  here  if  Mr.  Blauvelt  would  give  a 
typical  analysis  of  the  bricks  his  company  uses  for  the  linings  of  its  ovens, 
and  if  he  could  see  his  way  to  send  me  a  sample  so  that  I  could  have  the 
texture  examined,  I  should  personally  be  very  much  obliged. 

The  lining  brick  which  my  company  has  found  most  successful  is  of 
aganister  variety,  and  has  the  following  analysis:  Silica,  80.8  per  cent.; 
alumina  and  iron  oxide,  17.8  per  cent.;  lime,  0.8  per  cent.;  magnesia, 
0.07  per  cent.;  but  with  this  brick  the  least  carelessness  on  the  gas 
regulator's  part  may  destroy  the  lining. 

It  would  also  be  of  interest  if  Mr.  Blauvelt  could  give  the  temperatures 
of  the  air  leaving  these  generators  and  also  of  the  oven  flues. 

I  should  be  glad  to  know  the  life  of  the  linings  operated  at  these 
high  temperatures.  I  have  known  oven  linings  to  last  as  long  as  10  years, 
and,  in  our  case  ,if  any  lining  fails  before  the  end  of  seven  years  we  consider 
that  it  has  done  badly.  This  is  with  washed  coal  containing  about  12  to 
15  per  cent,  of  free  moisture,  and  charged  by  compressing  machines. 

As  regards  the  size  of  ovens,  the  width  and  lengths  given  by  Mr. 
Blauvelt  are  much  the  same  as  in  this  country,  and  the  additional  ca- 
pacity is  obtained  by  increasing  the  height.  At  a  great  number  of  the 
plants  on  this  side,  the  coal  is  compressed  before  charging,  and  the  maxi- 
Daum  height  of  the  charge  is  about  7  feet. 

It  would  be  interesting  to  know  whether  compressed  charges  are  ever 
used  in  America  and  whether  you  find  it  feasible  to  compress  a  charge 
for  an  oven  12  ft.  high. 

Has  the  construction  of  ovens  longer  than  36  ft.  ever  been  considered, 
aad  what  is  thought  to  be  the  limiting  factor  in  this  dimension? 


♦  Received  Sept.  3,  1918. 
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Possible  Existence  of  Deep-seated  Oil  Deposits  on  the  Gulf  Coast 

Discussion  of  the  paper  of  A.  F.  Lucas,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BuUetin  No.  139,  July,  1918,  pp.  1119  to  1134. 

G.  Shebbubne  Rogers,*  Washington,  D,  C.  (written  discnssionf).— 
We  are  indebted  to  Captain  Lucas  for  an  interesting  contribution  to  the 
literature  of  the  salt-dome  oil  fields,  and  especially  for  his  suggestion 
that  a  more  aggressive  method  of  prospecting  be  adopted.  The  occa- 
sional discovery  of  new  fields  on  the  Gulf  Coast  is  in  itself  sufiScient  to 
show  that  the  oil  possibilities  of  the  region  are  by  no  means  exhausted, 
and  those  who  have  studied  the  area  most  thoroughly  are  the  most  opti- 
mistic regarding  its  future.  Nevertheless,  the  search  for  new  fields,  accord- 
ing to  present  methods,  involves  the  expenditure  of  great  sums  of  money 
annually,  for  the  proportion  of  dry  holes  to  producing  wells  drilled  yearly 
in  the  Gulf  Coast  region  is  much  greater  than  in  most  areas,  even  if  all 
the  wells  drillied  in  what  is  commonly  regarded  as  proved  territory  are 
included.  Not  only  are  the  present  methods  of  locating  new  domes  veiy 
uncertain,  but  when  a  dome  is  discovered  there  is  no  assurance  that  it 
will  be  oil-bearing;  or,  if  so,  whether  the  oil  occurs  in  the  cap-rock,  in  the 
sands  above  it,  or  in  some  small  isolated  lens  of  sand  far  down  on  the  flanks 
of  the  salt  mass.  As  Captain  Lucas  points  out,  about  all  we  positively 
know  is  that  the  domes  are  there  and  that  some  of  them  are  oil-bearing; 
their  origin  is  a  matter  of  controversy  and  the  original  source  of  the  oil 
is  conjectural.  Under  these  conditions,  it  is  not  surprising  that  the  search 
for  oil  is  conducted  more  or  less  blindly  and  that  dry  holes  are  common. 

Many  wells  are  drilled  each  year  in  an  endeavor  to  find  oil  at  depths 
of  2000  or  3000  ft.  (609  to  914  m.)  or  less,  in  locations  which  most  geolo- 
gists would  condemn  without  hesitation.  As  Captain  Lucas  su^ests, 
the  money  spent  in  this  way  might  be  used  to  far  better  advantage  in 
drilling  one  deep  well  in  a  carefully  selected  locality.  Opinions  may  dif- 
fer as  to  whether  such  a  well  would  find  oil,  and  many  geologists  will 
probably  believe  that  the  chances  are  against  it,  yet  all  will  agree  that 
the  boring,  whether  it  finds  oil  or  not,  will  probably  throw  light  on  the 
origin  of  the  domes  and  on  the  source  and  mode  of  accumulation  of  the 
oil,  and  will  therefore  be  of  great  interest,  not  only  to  the  scientist,  but 
to  the  oil  operator. 

Our  opinion  of  the  chance  that  a  deep  well  would  have  of  finding  new 
reservoirs  of  oil  depends  on  our  conception  of  the  Origin  and  course  of 
migration  of  the  oil.  I  cannot  concur  in  Captain  Lucas'  belief  that  the 
domes  are  due  directly  to  volcanic  activity,  and  that  the  oil  is  of  inorganic 


*  Geologist,  U.  S.  Geol.  Survey, 
t  Received  Sept.  3,  1918. 
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origin.  In  my  opinion,  the  facts  indicate  that  the  salt  has  been  squeezed 
up  under  the  influence  of  pressure  from  deep-seated  salt  beds  and  that  the 
domes  are  themselves  salt  plugs  or  laccoliths  rather  than  the  product 
of  igneous  plugs  or  laccoliths  below.  ^  According  to  either  view,  however, 
or  to  any  of  the  numerous  other  theories  extant,  it  is  evident  that  a 
line  of  communication,  or  at  least  of  weakness,  exists  between  the  general 
horizon  at  which  the  oil  is  now  found  and  very  much  deeper  and  older 
beds. 

Most  geologists  agree  that  the  oil  did  not  originate  in  the  beds  in  which 
it  now  occurs,  and  believe  that  it  has  migrated  up  from  the  older  strata. 
Many,  however,  consider  that  the  migration  has  been  a  short  one,  and 
at  Humble,  for  example,  there  is  a  good  reason  to  believe  that  the  oil 
originated  in  the  lower  Tertiary  Yegua  formation  which  immediately 
underlies  the  deep  oil  sands.  On  the  other  hand,  there  are  several  hori- 
zons in  the  Cretaceous  which  are  petroliferous  in  northern  Texas  and 
Louisiana,  and  the  Carboniferous  horizons  of  the  Mid-continent  field 
are,  of  course,  extremely  rich.  Cretaceous  rocks  are  known  to  underlie 
the  salt-dome  region,  and  there  is  every  reason  to  suppose  that  Carbonif- 
erous formations  are  also  present;  whether  or  not  these  formations  con- 
tain oil  is,  of  course,  conjectural.  If  they  ever  were  petroliferous  in  this 
region  the  oil  must  either  have  ascended  along  the  salt  core  and  collected 
on  the  salt  domes  or  in  some  convenient  reservoir  en  route,  or  it  must  still 
be  present  in  the  deeper  formations  today. 

It  might  be  argued  that  the  pressures  and  temperatures  to  which  the 
lower  Cretaceous  and  Carboniferous  rocks  are  now  subjected  would  have 
resulted  in  the  cracking  and  destruction  of  whatever  oil  they  may  have 
contained.  It  appears,  however,  that  unless  the  gaseous  products  of 
cracking  are  permitted  to  escape  the  process  goes  on  only  until  an  equilib- 
rium is  reached  and  that  complete  conversion  of  oil  into  gas  and  residuum 
would  be  attained  only  at  far  higher  temperatures  and  pressures  than 
would  prevail.  In  the  Ventura  County  fields  (California),  oil  is  now 
produced  from  the  Topa-Topa  formation,  which  apparently  was  at  one 
time  buried  under  more  than  20,000  ft.  (6096  m.)  of  sediments;  and  in 
some  of  the  Wyoming  fields,  also,  oil  is  produced  from  horizons  that  were 
formerly  deeply  buried.  We  do  not  know  the  greatest  depths  at  which 
oil  can  exist,  but  they  are  certainly  below  levels  yet  reached  by  the  drill. 

The  enormous  quantity  of  oil  per  acre  that  has  been  produced  at 
Spindletop  suggests  that  either  salt  has  a  mysterious  faculty  of  attracting 
oil  from  the  sediments,  as  some  European  geologists  beUeve,  or  that  the 
gathering  area  is  greater  than  would  appear,  or  that  some  of  the  oil  has 
ascended  from  unknown  reservoirs  below. 

The  occurrence  of  gas  and  oil  in  the  salt  at  Belle  Isle,  as  described  by 

U  have  diBCUssed  this  view  in  a  paper  entitled,  '' Intrusive  Origin  of  the  Gulf 
Coast  Salt  Domes,"  which  will  appear  in  the  next  number  of  Economic  Oeology. 
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Captain  Lucas,  is  an  indication  of  deep  oil  deposits  in  that  locality.  Belle 
Isle  is  flanked  by  a  great  thickness  of  Pleistocene  sediments  and  the  oil 
encountered  at  3000  ft.  id  very  possibly  Tertiary  oil  that  has  migrated  into 
the  salt,  though,  on  the  other  hand,  it  may  have  been  driven  from  older 
beds  and  may  have  migrated  some  distance  vertically. 

Nothing  is  known  regarding  the  shape  of  the  stem  or  lower  portion 
of  the  salt  cores,  or  of  its  structural  relations  with  the  surrounding  sedi- 
ments. Whether  oil  (if  present)  could  be  retained  in  porous  strata 
abutting  against  the  salt,  or  whether  conditions  are  such  that  it  must 
have  migrated  upward,  is  a  matter  for  speculation.  In  the  writer's 
opinion,  most  of  the  salt  cores  probably  incline  up  to  a  laccoUthic  or  mush- 
room shape,  and  if  so,  a  well  starting  on  the  dome  and  penetrating  salt 
might  pass  out  of  the  salt  and  into  sediments  l3ang  against  the  stem  of  the 
salt  core  in  such  a  way  as  to  form  excellent  reservoirs.  These  matters 
can,  of  course,  be  settled  only  by  drilling,  and  estimates  of  the  chance  of 
finding  oil  in  a  deep  well  must,  in  view  of  our  present  lack  of  knowledge, 
be  based  largely  on  personal  opinion  or  conjecture.  As  more  accessible 
possibilities  are  becoming  exhausted,  the  question  of  deep  drilling  is 
becoming  increasingly  attractive.  If  a  deep  well  finds  oil  at  all,  it  is 
likely  to  discover  rich  reservoirs  and  will  pay  for  itself  indirectly  through 
the  light  it  will  shed  on  the  unsolved  problems  of  the  Gulf  Coast  oil 
fields. 

Oil  in  Southern  Tamaulipas,  Mexico 

Discussion  of  the  paper  of  Ezequiel  OrdoS^ez,  presented  at  the  Colorado  meetiiig, 
September,  1918,  and  printed  in  BuUelin  No.  137  (May,  1918),  page  1001. 

V.  R.  Garfias,*  Palo  Alto,  Cal.  (written  discussionf). — Hoarding 
the  statement  of  Mr.  Ordonez,  on  page  1007,  concerning  the  synclinal 
curving  of  sedimentary  beds  caused  by  the  extrusion  of  volcanic  necks, 
that  "this  phenomenon  might  occur,  but  it  is  not  fully  proved  in  our 
fields,"  I  beg  to  reply  that  the  funnel  and  anticlinal-ring  structure  i> 
actually  associated  with  igneous  intrusions  in  the  Mexican  oil  fields,  as 
we  were  able  to  ascertain  by  plotting  an  underground  contour  map  and 
making  a  structural  model  of  the  oil-bearing  beds  of  the  Ebano  field. 

E.  Db  Golybr,  New  York,  N.  Y.  (written  discussionj). — The  paper 
under  discussion  is  not  only  of  interest  in  connection  with  its  subject  but 
it  is  a  contribution  of  considerable  importance  to  our  knowledge  of  the 
possible  effect  of  igneous  rocks  upon  the  accumulation  of  petroleum  in 
the  Mexican  fields. 


*  Geologist  and  Civil  Engineer, 
t  Received  Aug.  19,  1918. 
t  Received  Sept.  6,  1918. 
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Sefior  Ordofiez^  has  long  held  that  the  intrusion  of  igneous  rocks  in 
the  Mexican  fields  has  had  no  important  structural  effect  in  the  accumu* 
lation  of  petroleum  and  does  not  seem  to  have  found  it  necessary  to 
change  his  opinion  because  of  his  studies  in  Tamaulipas. 

Clapp,^  as  a  result  of  his  most  recent  consideration  of  the  Mexican 
fields,  has  concluded  that: 

At  the  base  of  the  upheavals  (around  the  plugs)  and  surrounding  them  in  close 
proximity  the  Tamasopo  limestone  and  overlying  formations  form  pockets  or  places 
of  catchment  where  large  deposits  of  oil  have  accumulated.  In  the  Tamasopo  lime- 
stone and  the  San  Felipe  beds  these  oil  deposits  were  presumably  concentrated  from 
surrounding  portions  of  the  same  strata,  owing  to  the  upheavals  mentioned;  possibly 
with  the  assistance  of  heat. 

The  presence  of  the  oil  accumulations  surrounding  the  plugs  is  sometimes,  although 
not  always,  evinced  by  large  seepages  of  oil.  Some  cases  are  known  where  the  lower 
beds  actually  reach  the  siuf  ace  and  a  true  quaquaversal  structure  exists.  Whether 
this  is  common  has  been  doubted,  but  it  is  certain  that  definite  doming  does  exist 
surrounding  some  of  the  plugs.  At  any  rate,  it  is  a  fact  that  where  the  plugs  exist 
pockets  of  oil  have  accumulated,  and  the  conical  plugs  themselves  may  be  considered 
as  quaquaversal  structures. 

Garfias  and  Hawley,'  following  and  developing  the  theory  advanced 
by  Garfias*  in  1912,  apparently  largely  as  a  result  of  his  observation  of  wells 
in  northern  Alazan  and  a  consideration  of  the  analogy  suggested  by 
driving  a  nail  through  a  book,  have  tried  to  find  in  the  action  of  the  intru- 
sion a  reason  for  the  common  occurrence  of  oil  in  the  vicinity  of  igneous 
plugs  in  Mexico.  They  propose  a  theory  of  a  circular  anticlinal  ring  and- 
funnel  structure  surrounding  igneous  necks  and  argue  by  analogy,  citing 
numerous  sections  and  examples  of  such  structure,  though  they  fail  to 
cite  any  Mexican  occurrences,  merely  concluding  that  there  is  no  "ques- 
tion of  the  existence  of  these  conditions  in  the  Mexican  fields." 

I  have  long  held  with  Ordofiez  that  important  occurrences  of  petroleum 
in  the  Mexican  fields,  under  the  conditions  described  by  Garfias  and 
Hawley,  and  by  Clapp,  have  not  yet  been  proved  to  exist  and,  although 
I  am  not  yet  prepared  to  accept  wholly  the  Ordofiez  theory  that  the 
"roots  of  the  plugs  of  lava,  ramified  like  those  of  a  plant,  have  served  as 
channels  to  bring  the  mineral  oil  to  the  hollow  or  porous  spaces  prepared 
during  the  appearance  of  the  lava  plugs,"  I  agree  that  one  important 
effect  of  the  intrusions  has  been  the  formation  of  pore  space  by  breccia- 


'  Sobre  Algunos  Ejemplos  Probables  de  Tubos  de  Erupcion.  Memoriaa  Sociedad 
Cientifica  "Antonio  Alzate''  (1904-05),  22,  141-150.  The  Oil  Fields  of  Mexico. 
Trans,  (1914),  60,  85^863. 

'  Revision  of  the  Structural  Classification  of  Petroleum  and  Natural  Gas  Fields. 
BvU,  Geol.  Soc.  America  (1917),  28,  586. 

» Trara,  (1917),  67,  1071-1032. 

^  The  Effect  of  Igneous  Intrusions  on  the  Accumulation  of  Oil  in  Northeastern 
Mexico.    /<wr.  of  Geol,  (1912)  20,  666-672. 
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tion  and  metamorphism.  I  have  further  suggested  that  the  greatest 
importance  of  the  porous  zones  thus  formed  is  that  they  cut  across  the 
sedimentary  strata  and  so  provide  for  transverse  migration  of  petroleum. 
The  accompanying  sketch  of  the  Tepetate-Casiano  pool,  showing  the 
surface  relation  of  the  outcrop  of  igneous  rock*  to  producing  wells  and 
dry  holes,  is  instructive  in  this  connection,  since  the  region  is  one  of  con- 
siderable igneous  activity.  No  evidence  of  doming  similar  to  that  sug- 
gested by  Clapp,  nor  of  anticlinal  ring  and  funnel  structure  similar  to 


(ligneous  Rock 


e  Procfucing  Well        Dry  Hole  ^ 


Sketch  map  of  Tepetate-Casiano  oil  field. 

that  suggested  by  Garfias  and  Hawley,  has  yet  been  seen  in  this  field. 
In  the  sketch,  only  those  wells  which  have  been  completed  to  the  Tama- 
sopo  limestone  are  shown.  The  occurrence  of  the  deeper  dry  holes  or 
salt-water  wells  on  both  flanks,  and  of  shallower  producing  wells  along  a 
narrow,  unbroken,  N.-S.  striking  zone  are  the  distinctive  features  of  this 
field  as  thus  far  developed  by  exploration.  The  surface  geology  does 
not  show  a  marked  fold  corresponding  to  the  ridge  in  the  Tamasopo  lime- 
stone that  is  shown  by  drilling  operations.     The  structure  has  been  ten- 


*  Igneous  rocks  mapped  by  C.  W.  Hamilton. 
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tatively  explained  as  being  the  result  of  folding  which  started  in  the 
Tamasopo  before  the  deposition  of  younger  rocks.  The  strike  of  the 
field  parallel  to  that  of  the  dyke  to  the  west  and  parallel  to  the  line  of 
weakness  shown  by  the  three  domes  or  dyke  outcroppings  to  the  east 
of  the  field  indicate  that  faults,  the  existence  of  which  cannot  be  deter- 
mined at  the  surface  because  of  the  lack  of  good  rock  exposures,  may  have 
been  the  controlling  factor  in  determining  the  structure  of  this  field,  one 
of  the  most  important  in  Mexico. 

A  few  kilometers  to  the  south  is  another  important  field,  the  Los 
Naranjos,  in  which  the  discovery  well  was  located  by  the  writer.  This 
field  is  a  broad  dome;  the  producing  wells  are  located  on  its  crest,  and 
the  only  known  igneous  rocks  consist  of  a  dyke  on  the  south  flank  and 
another  on  the  eastern  flank. 

The  oil  industry  is  to  be  congratulated  in  having  a  clear  recognition, 
by  so  distinguished  a  Mexican  as  Sefior  Ordofiez,  of  the  preliminary 
preparation  and  the  risks  incident  to  exploratory  drilling.  Attention 
was  early  attracted  to  the  petroleum  seepages  of  Tamaulipas,  and  particu- 
larly to  those  of  the  San  Jos£  de  las  Rusias  region.  In  1864,  permission 
to  exploit  petroliferous  substances  at  San  Jos^  de  las  Rusias  and  at 
Chapopote,  near  Aldama,  were  granted  to  a  certain  Ildefonse  Lopez,  and 
similar  permission  was  granted  in  1865,  to  one  Parades  to  exploit  chapopote 
at  Carancitos. 

In  1873,  Alajandro  Prieto  in  his  book,  "Historia,  Geografia,  y  Estadis^ 
tica  del  Estado  de  Tamaulipas,"  describes  the  profusion  of  chapopote  see- 
pages in  southern  Tamaulipas  and  concludes  (p.  264):  "This  class  of 
product,  which  is  encountered  in  such  abundance  in  Tamaulipas,  should 
form  some  day,  by  itself  alone,  a  branch  of  industry  which  will  doubtless 
offer  greatly  to  the  prosperity  of  these  communities." 

In  1889,  a  well  was  drilled  to  a  depth  40  m.  near  San  Jos^  de  las 
Rusias  by  a  certain  Manuel  Flores  and  is  said  to  have  gushed  oil. 

The  oil  field  department  of  S.  Pearson  &  Son,  in  1907,  commenced 
drilling  near  Los  Esteros  in  southern  Tamaulipas  and  completed  four 
wells  before  abandoning  the  enterprise  as  unproductive.  Subsequently 
the  American  International  Fuel  and  Petroleum  Co.  drilled  8  wells  in  the 
same  region.  In  1909-1911,  the  Tamesi  Asphalt  and  Petroleum  Co. 
drilled  two  weUs  near  the  same  place.  All  of  these  wells  were  unsuccess- 
ful. In  1913,  Tampico  Oil,  S.  A.,  drilled  a  dry  hole  near  Jopoy,  on  the 
Tampico  River. 

In  1910,  the  Texas  Mexican  Asphalt  and  Petroleum  Co.  moved  a 
small  drilling  machine  to  the  San  Jos6  de  las  Rusias  property  and  drilled 
a  number  of  shallow  wells,  none  of  which  was  successful.  Finally,  a 
standard  rig  was  brought  in  and  a  shallow  well  was  drilled  at  a  seepage 
rising  along  a  dyke  near  Encarnacion.  The  rig  was  moved  a  short  dis- 
tance and  a  well  was  drilled  to  a  depth  of  2274  ft.  (690  m.)  and  abandoned. 
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The  Corona  Petroleum  Co.  (Royal  Dutch-Shell  group)  then  became  inter- 
ested, took  over  the  lease  and,  after  careful  surveys  by  competent  geolo- 
gists, commenced  drilling  in  1914.  To  date,  they  have  completed  and 
abandoned  as  dry  holes  five  wells  having  depths  of  3450,  4000,  3496, 
3030  and  3370  ft.  (1052,  1219,  1066,  924,  1027  m.)  respectively,  and  are 
now  drilling  two  other  wells. 

During  the  past  year,  the  Mexican  Gulf  Oil  Co.  completed  and  aban- 
doned as  a  dry  hole,  at  a  depth  of  3280  ft.  (999  m.),  a  well  on  the  Sabino 
Gordo  property  near  Chapopote,  just  south  of  Aldama.  This  well  was 
drilled  near  a  seepage  at  a  small  hill  of  rock  metamorphosed  by  igneous 
intrusions,  and  resulted  in  a  salt-water  well. 

It  is  quite  probable  that  in  the  purchase  of  leasehold,  drilUng  of  un- 
productive wells,  and  for  various  incidentals  in  an  unsuccessful  attempt 
to  develop  a  productive  oil  field  in  the  State  of  Tamaulipas,  as  much  as 
a  million  dollars  has  already  been  expended,  most  of  it  under  competent 
technical  direction.  The  region  has  been  recognized  as  probable  oil  terri- 
tory since  the  earliest  time  and  yet  not  a  single  commercially  productive 
well  has  been  encountered.  Nor  has  it  been  proved  that  the  State  will 
not  be  an  important  oil  producer  at  some  future  date.  The  conclusion 
reached  in  the  paper  under  discussion  that  "even  the  good  Mexican  oil 
lands,  far  from  the  centers  of  actual  exploitation,  to  become  productive 
require  assiduous  and  detailed  geological  studies,  drilling  and  exploration, 
implying  a  considerable  investment"  would  seem  to  be  irresistible. 


Crushing  Resistance  of  Various  Ores 

Discussion  of  the  paper  of  Luther  W.  Lennox,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  BvUetin  No.  140,  August,  1918,  pp.  1255  to 
1264. 

C.  Q.  Payne,  New  York,  N.  Y.  (written  discussion*). — The  method 
adopted  by  Mr.  Lennox  is  a  very  interesting  test  of  the  practical  applica^ 
tion  of  Mr.  Gates'  crushing- surface  diagram  to  a  great  variety  of  gold  and 
copper  ores.  His  method  of  dealing  with  the  material  below  200-nie8h 
is  also  a  distinct  contribution  to  the  subject,  although,  as  he  suggests, 
it  seems  likely  that  some  microscopic  measurement  of  this  material  may 
be  advisable  before  the  mesh  reciprocals  of  its  group  particles  can  be 
dealt  with  as  accurately  as  can  those  coarser  than  200-mesh. 

In  examining  the  general  results  shown  in  Table  3,  it  is  somewhat 
puzzling  to  perceive  why  Calumet  A  Hecla  jig  tails  should  show  a  crush- 
ing resistance  33^  times  greater  than  that  of  the  ore  from  the  Ray  Consoli- 
dated copper  mine.     The  latter  is,  I  believe,  an  altered  Pinal  schist 


*  Received  Sept.  3,  1918. 
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containing  over  70  per  cent,  silica,  and  the  composition  of  the  former 
probably  does  not  differ  greatly  in  this  respect.  I  also  note  that  the 
crushing  resistance  of  Calumet  &  Hecla  jig  tails  compares  with  that  of 
Miami  ore  in  the  ratio  of  about  2  to  1.  Hardinge  mills  are  now  being 
employed  to  crush  Calumet  &  Hecla  conglomerate,  and  also  Miami  ores 
on  a  very  large  commercial  scale,  and  it  is  interesting  in  this  connection 
to  note  that  M.  K.  Rodger's^  gives  the  relative  crushing  duty  of  1  hp.  on 
C.  &  H.  conglomerate  and  Miami  ore  as  1 :3.75,  the  feed  in  both  cases 
being  ^-in.  size.  The  inverse  of  the  above  figures  would  represent  the 
relative  crushing  resistances.  At  a  later  date  Mr.  Gates'  pointed  out 
that  the  crushing-surface  diagrams  of  the  two  ores,  on  material  coarser 
than  200  mesh,  give  for  C.  &  H.  conglomerate  12.5,  and  for  Miami 
34.0  mesh-tons  per  hp.-hr.  This  would  indicate  the  relative  crushing 
resistance  of  these  ores  to  be  2.72:1.  However,  this  difference  in  the 
crushing  resistance  of  these  two  ores,  as  measured  by  Mr.  Lennox's  small 
tube-mill  and  by  the  Hardinge  mill  may  be  due  to  the  fact  that  the 
crushing-surface  diagrams  in  the  two  cases  are  not  comparable. 

A  possible  question  in  connection  with  these  tests  is  whether  the 
determination  of  the  crushing  resistance  of  an  ore  may  not  be  difficult  to 
measure  owing  to  what  may  be  called  "screen  resistance."  Of  two  ores 
which  may  have  the  same  crushing  resistance  when  measured  by  a  4-  or 
S-mesh  screen,  for  example,  one  may  show  a  much  greater  crushing  re- 
sistance than  the  other  when  measured  by  a  200-mesh  screen,  owing  to 
the  presence  of  a  certain  amount  of  mica  or  other  flaky  mineral  unlocked 
at,  say,  60  mesh,  but  only  reduced  to  pass  a  200-mesh  screen  by  very  pro- 
longed grinding.  The  micaceous  ore  would  thus  show  a  different  crushing- 
surface  diagram  from  the  granular  ore,  although  the  same  amount  of 
energy  might  have  been  expended  in  crushing  it.  The  proximity  on  the 
scale  of  crushing  resistance  (Table  3)  of  such  a  hard  and  tough  ore  as 
the  Homestake  to  a  comparatively  soft  ore  like  that  of  the  Nevada  Con- 
solidated for  example,  has  suggested  the  idea  that  a  difference  in  the 
"screen  resistance"  might  perhaps  here  have  counteracted  a  greater 
difference  in  the  crushing  resistance  than  the  results  actually  show. 

The  interesting  and  valuable  work  done  at  McGill  University  by 
Professor  Bell  seems  clearl}'  to  establish  Rittinger's  law  as  a  better  meas- 
ure of  the  energy  absorbed  in  crushing  than  Kick's  law.  The  method  of 
recording  the  work  of  crushing  by  the  crushing-surface  diagram,  which 
has  been  developed  and  illustrated  by  Mr.  Gates,  also  marks  a  very  not- 
able contribution  to  the  subject.  The  crushing-surface  diagram  is 
fascinating  from  its  very  simplicity.  But  are  we  not  expecting  too 
much  from  it  until  we  have  corroborated  it,  and  perhaps  corrected  it, 


»  Trana,  (1916),  62,  944. 

•  Min.  and  Sci.  Pr.  (Mar.  11,  1916),  112,  366. 
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by  means  of  certain  more  exact  physical  measurements  on  a  wide  range 
of  minerals  and  ores?  Many  ores  consist  of  a  more  or  less  loose  aggre- 
gate of  different  minerals,  and  it  may  help  toward  clear  thinking  if  wc 
subdivide  the  subject,  and  apply  the  laws  of  crushing  only  to  th^.  break- 
ing up  of  aggregates,  as  performed  by  coarse  crushing,  in  which  surface 
areas  can  be  accurately  measured  by  screen  analysis;  and  then  apply  the 
laws  of  grinding  to  the  reduction  of  small-sized  particles  of  homogeneous 
composition,  the  surface  areas  of  which  are  difficult  to  measure  by  screen 
analysis  alone. 

For  illustration,  if  we  knew  the  number  of  heat  units  developed,  and 
therefore  the  energy  absorbed,  in  grinding  100  gm.  of  a  given  ore  or  mineral, 
so  that  it  would  all  pass  a  200^mesh  screen,  could  we  not  then  develop  an 
energy  unit  which  would  be  a  physical  constant  for  that  particular  ore 
or  mineral?  With  a  number  of  such  physical  constants  determined  for 
various  ores,  we  would  then  have  more  accurate  means  of  measuring  not 
only  the  grinding  resistance  of  the  ores,  but  also  the  mechanical  effi- 
ciencies of  different  machines  employed  in  grinding  them.  Such  an 
energy  unit  as  I  have  suggested  might  require  some  other  method  than 
screen  analysis  to  estimate  the  surface  exposed;  since  the  unit  should  be 
independent  of  the  habit  of  crystallization  of  the  component  ore  minerals, 
and  should  be  directly  related  to  their  molecular  structure,  on  which 
their  coherence  and  mechanical  resistance  to  grinding  must  ultimately 
depend. 

The  establishment  of  accurate  methods  for  measuring  the  enei^ 
absorbed  in  crushing  and  grinding  ores  is  a  matter  of  great  importance. 
Most  mining  engineers  realize  the  backward  state  in  which  the  art  of 
crushing  now  lies,  largely  for  lack  of  accurate  imits  of  measurement. 
Considering  the  subject  broadly,  and  including  the  crushing  of  cement 
rock  and  clinker  and  pottery  materials,  it  is  probable  that  the  average 
efficiency  of  crushing  as  a  whole  does  not  exceed  20  to  25  per  cent. 
When  we  recall  that  the  efficiencies  reached  in  the  concentrating, 
cyaniding,  and  flotation  of  ores  frequently  exceed  90  per  cent.,  it  is  evi- 
dent that  the  first  step  in  the  ore-dressing  and  allied  industries  is  worthy 
of  more  serious  attention  than  it  has  yet  received. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
^waukee  meeting,  October,  1018,  when  an  abstract  of  the  paper  will  be  read.  If  thia  is  impossible, 
then  diaensaion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  r^.  V.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  speeoal  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1,  1918.  Any  discussion 
offered  tner««ftex  should  preferably  be  in  the  form  of  a  new  paper. 


The  Action  of  Reducing  Gases  on  Hot  Solid  Copper 

BY   NORMAN  B.    PILLING,*   M.    8.,    PITTSBURGH,    PA. 
(Milwaukee  Meeting,  October,  1918) 

The  deleterious  effect  on  the  mechanical  properties  of  copper,  re- 
sulting from  heating  in  contact  with  reducing  gases,  is  well  known,  but 
the  mechanism  of  the  action  does  not  appear  to  have  been  definitely 
established.  The  purpose  of  the  present  investigation  was  not  to  deter- 
mine the  exact  variations  in  physical  quality  of  commercial  copper, 
with  its  various  impurities,  as  dependent  upon  the  composition  of  the  gas, 
temperature  of  exposure,  etc.,  but  rather  to  study  the  nature  of  the 
action  and  the  conditions  under  which  it  occurs. 

The  physicaTresult  of  the  so-called  "gassing"  of  copper  has  been  gen- 
erally described  as  the  development  of  "  brittleness. "  There  appears 
to  be  a  striking  decrease  in  tensile  strength,  associated  with  a  considerable 
loss  of  ductility,  and  a  small  copper  strip  or  wire  affected  in  this  way 
can  be  snapped  in  two  when  bent.  Larger  articles  may  have  an  outer 
layer  alone  affected,  which  can  be  detached  from  the  core  by  hammering 
or  bending. 

Perhaps  the  earliest  reference  to  this  subject  is  that  of  Heyn^  in  1900, 
and  among  the  later  observers  may  be  mentioned  Archbutt,*  Bengough 
and  Hill,*  Johnson,^  Mathewson  and  Thalheimer,*  and  Ruder.*  Ben- 
gough and  Hill,  while  working  with  arsenical  copper,  were  the  first  to 
suggest  the  possibility  of  the  formation  of  gases  within  the  copper  itself, 
while  Ruder  endeavored  to  explain  the  action  by  the  reduction  of  the 


*  Metallurgist.,  research  laboratory,  Westinghouse  Elec.  &  Mfg.  Co. 

^E.  Heyn:  Die  Umwandlung  des  Kleingeftiges  bei  Eisen  und  Kupfer  durch 
Formanderung  im  kalten  Zustande  und  darauf  folgendes  AusglUhen.  Zeit.  Ver. 
Deul.  Ing.  (1900),  44,  508. 

'L.  Archbutt:  Determination  of  Oxygen  in  Copper.  Analyst  (December,  1905), 
80,  385. 

*G.  D.  Bengough  and  B.  P.  Hill:  Properties  and  Constitution  of  Copper-arsenic 
Alloys.    Jour.  Inst.  Metals  (1910),  8,  34. 

*F.  Johnson:  A  Method  of  Improving  the  Quality  of  Arsenical  Copper.  Jour. 
Inst.  Metals  (1913),  10,  275. 

•C.  H.  Mathewson  and  E.  M.  Thalheimer:  Comparisons  between  Electrolytic 
Copper  and  Two  Varieties  of  Arsenical  Lake  Copper  with  Respect  to  Strength  and 
Ductility  in  Cold-worked  and  Annealed  Test  Strips.     Trans.  (1916),  66,  446. 

•W.  E.  Ruder:  The  Brittleness  of  Annealed  Copper.  Trans,  Am.  Electrochem. 
Soc.  (1916),  29,  515. 
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cuprous  oxide,  leaving  a  spongy  mass  having  little  mechanical  strength. 
The  possibility  of  a  direct  action  of  the  hydrogen  on  the  copper,  forming 
hydrides,  has  received  but  scant  support.  Quantitative  measurements 
of  the  effect  of  the  action  on  the  strength  and  other  properties  of  elec- 
trolytic and  arsenical  copper  may  be  found  in  the  papers  by  Bengough 
and  Hill,  and  Mathewson  and  Thalheimer,  cited  above. 

For  the  sake  of  simplicity,  attention  has  here  been  confined  mainly 
to  CO namercial-conductivity  copper,  non-arsenical,  with  0.05  per  cent,  oxy- 
gen, and  about  0.015  per  cent.  lead.  A  preliminary  study  of  the  effects 
of  reducing  gases  on  hot  copper  waa  made  by  passing  the  desired  gas 
over  a  length  of  soft  copper  strip  heated  in  an  electric  furnace.  After 
30-min.  exposure  to  hydrogen  at  800**  C.  there  was  a  marked  deterioration 
in  the  quality  of  the  copper.  Whereas  initially  it  was  quite  ductfle  and 
resistant  to  bending,  after  this  treatment  it  was  extremely  weak  and  fri- 
able, as  evidenced  by  its  inability  to  withstand  even  slight  bending. 

After  similar  treatment  in  natural  gas  and  in  carbon  monoxide,  the 
same  phenomenon  was  observed,  but  the  deterioration  was  less  strongly 
marked  with  the  latter  gas.  Similar  treatment  in  an  atmosphere  of  steam 
caused  no  observable  change  in  physical  quality. 

The  microscopic  appearance  of  the  copper  before  treatment  is  shown 
in  Fig.  11;  it  is  homogeneous,  with  a  uniform  distribution  of  CujO 
particles.  After  heating  in  hydrogen,  it  has  become  very  porous  (Fig.  12), 
each  CU2O  particle  has  been  replaced  by  a  void  and,  in  addition,  there  are 
large  angular  cracks  which,  as  shown  by  etching,  follow  the  grain  bounda- 
ries. This  observation  agrees  with  the  micrographs  given  by  previous 
investigators.  The  copper  samples  heated  in  natural  gas  and  in  carbon 
monoxide  were  similar  in  appearance,  but  the  action  was  less  marked. 
In  no  cases  could  unreduced  grains  of  CU2O  be  detected. 

Physical  Effect  of  Hydrogen  on  Coppeb 

From  the  results  of  preliminary  experiments,  hydrogen  seemed 
to  be  the  most  active  of  the  several  reducing  gases  tried,  and  it  appeared 
likely  that  in  a  mixture  of  such  gases  hydrogen  would  play  the  predomi- 
nant part.  It  is  likely  that  any  hydrocarbons  present  would  decompose  at 
the  temperatures  used,  and  the  action  would  be  traceable  to  the  simple 
gases  formed  (H,  CO,  etc.). 

The  physical  effect  of  heating  copper  in  contact  with  hydrogen  was 
studied  with  a  number  of  copper  strips,  ^  by  0.048  in.  (15.9  by  1.2  nun.). 
The  oxygen  content  of  this  copper  was  0.05  per  cent,  and  the  material, 
received  in  a  dead  soft  condition,  showed  satisfactory  ph3r8ical  properties. 
These  strips  were  electrically  heated  at  various  temperatures  in  a  small 
tube  furnace,  evacuated  to  prevent  excessive  oxidation,  and  after  the 
desired  temperature  had  been  attained,  as  measured  by  a  small  Pt- 
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PtRh  thermocouple  lying  at  the  center  of  the  piece,  hydrogen  was  ad* 
mitted  and  passed  through  the  furnace  tube  over  the  strip  for  30  min. 
At  the  end  of  that  time  the  strip  was  withdrawn  and  cooled  in  the  air. 
A  rough  measure  of  the  effect  of  this  treatment  was  made  by  noting  the 
number  of  180°  bends  over  a  radius  of  about  J^  in.  (6.3  mm.)  the  strip 
would  stand  before  breaking.  The  effect  of  complete  hydrogenation  is  so 
marked  that  this  was  found  to  be  a  sufficiently  sensitive  test,  though 
giving  comparative  values  only.  The  following  table  gives  the  results 
obtained,  which  are  plotted  in  Fig.  1. 
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Table  1. — Effect  of  Heating  Copper  Strips  in  Hydrogen 


Temperature 


No.  Bends  to  Break 
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That  this  deterioriation  in  quality  was  due  to  the  hydrogen  and  was 
not  an  annealing  effect  was  shown  by  heating  similar  strips  at  400^  and 
800**  in  air  (reduced  pressure),  after  which  no  change  in  tenacity  could 
be  observed. 

It  will  be  noticed  that  the  deterioration  starts  between  400°  and  500° 
C. — well  below  a  red  heat — and  increases  in  severity  as  the  temperature 
of  heating  becomes  higher.  An  idea  of  the  rate  at  which  this  action  takes 
place  may  be  obta-ined  from  Fig.  2,  in  which  the  bending  qualities,  after 
exposure  to  hydrogen  for  varying  lengths  of  time  at  800°  are  plotted.  In 
10  min,  the  deterioration  is  complete. 
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Typical  examples  of  the  structures  encountered  after  bydrogenation 
are  shown  in  Fig.  12  and  13. 


Nature  of  Hydrooenation 

The  mechanism  of  the  action  during  exposure  of  copper  to  hydrogen 
appears  to  be  as  follows:  Commercial-conductivity  copper  contwns 
various  impurities,  all,  'except  oxygen  and  occasionally  lead,  being  meas- 
ured in  thousandths  of  a  per  cent.  Oxygen  normally  occurs  from  0.03 
to  0.08  per  cent,  in  the  form  of  CuiO  mechanictdly  mixed  with  the  metal- 
lic copper.  The  presence  of  tbia  quantity  of  CujO  seems  to  be  necessarj-, 
in  order  to  avoid  the  reduction  of  metallic  impurities  in  the  slag  from  the 
oxidized  to  the  metallic  condition,  during  refining,  and  to  promote 
soundness  in  casting.  If  hydrogen  is  physically  soluble  in  solid  copper 
at  high  temperatures,  this  gas  would  penetrate  the  metal,  attack  and  re- 
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Fia,  2.— Effect  of  bydboobn  on  copper  strips  at  800°  C. 


duce  the  grains  of  CuiO,  with  the  formation  of  steam,  according  to  the 
equation 

CusO  -I-  H,  =  HiO  +  2Cu. 

After  this  reduction,  the  volume  of  the  copper  is  but  60  per  cent,  of  the 
volume  of  the  CutO  from  which  it  was  reduced,  thus  leaving  voids  mark- 
ing the  site  of  the  original  oxide  granules  and  approximating  40  per  cent. 
of  the  space  formerly  occupied  by  them. 

If  steam  is  physically  less  soluble  in  copper  than  hydrogen,  it  will 
accumulate  in  these  pockets  at  a  rate  faster  than  it  can  dissolve  in  the 
copper  and  diffuse  away,  and  the  net  result  of  the  reaction  would  be  the 
formation  of  a  quantify  of  steam  within  the  voids  left  by  the  CujO, 
and  at  considerable  pressure.  A  rough  calculation  of  the  magnitude  of 
the  pressure  possible  at  800°  C,  assuming  the  steam  to  be  completely 
insoluble  in  the  copper,  showed  that  8000  to  9000  atm.  would  develop 
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if  there  were  no  yielding  in  the  copper.  The  investigations  of  Bengough' 
on  the  tensile  properties  of  copper  at  high  temperatures  have  shown  that 
as  the  temperature  rises  the  tensile  strength  f^lls  oflF  rapidly  until  a  "me- 
chanical critical  temperature"  is  reached  between  600°  and  750**  C, 
varying  apparently  with  the  nature  and  quantity  of  impurities  present. 
Above  this  temperature  the  tensile  strength  diminishes -linearly  to  zero 
at  the  melting  pointy  and  in  this  range  the  copper  is  characterized  by  ex- 
treme intercrystalline  weakness.  Now  the  combination  of  considerable 
internal  pressure  (steam),  with  lack  of  intercrystalline  cohesion,  forces 
the  grains  apart  until  relief  is  obtained  (see  Fig.  18).  Deoxidation  alone 
cannot  account  for  the  weakness  developed,  for  it  is  not  clear  why  the 
substitution  of  a  small  void  for  a  small  particle  of  very  brittle  cuprous 
oxide  should  weaken  the  surrounding  metal.  A  careful  examination 
of  copper  strips  heated  at  800°  in  hydrogen  showed  that  a  mechanical 
swelling  takes  place  coincident  with  the  formation  of  intercrystalline 
ruptures.  The  strip  increased  in  thickness  by  4  per  cent,  and  in  width 
by  1.5  per  cent,  while  decreasing  about  4  per  cent,  in  density.  This 
decrease  in  density  is  not  due  solely  to  voids  left  in  the  metal  by  the 
reduction  of  the  cuprous  oxide,  as  the  decrease  noted  was  130  times  as 
great  as  the  observed  loss  in  weight  due  to  removal  of  oxygen.  The 
resultant  weakness  of  the  copper  after  this  action  is  due  simply  to  the 
absence  of  mechanical  coherence  between  individual  grains  within  the 
puffed  copper. 

Permeability  of  Copper  to  Hydrogen,  Steam,  Carbon  Monoxide 

AND  Carbon  Dioxide 

In  order  to  verify  the  explanation  given  for  the  ''puffing"  of  copper, 
the  relative  permeabilities  of  several  reducing  gases  and  their  oxides 
were  determined.  The  method  employed  was  to  observe  the  change  in 
pressure  within  an  evacuated  thin-walled  copper  tube  heated  in  an 
atmosphere  of  the  gas  in  question,  in  a  nichrome-wound  quartz-tube 
furnace.  The  copper  tube  extended  throughout  the  length  of  the  fur- 
nace, one  end  of  it  being  pinched  and  sealed  with  solder,  and  the  other 
waxed  to  the  glass  vacuum  system.  An  optical-lever  manometer*  was 
used  to  measure  the  slight  increments  in  pressure  over  the  initial  pres- 
sure (5  mm.),  and  by  reducing  the  volume  auxiliary  to  the  copper  tube 
to  the  least  possible  amount,  a  sensitive  arrangement  was  obtained.     In 


'G.  D.  Bengough:  A  Study  of  the  Properties  of  Alloys  at  High  Temperatures. 
Jour,  Inst,  of  Metals  (1912),  7,  123. 

G.  D.  Bengough  and  D.  Hanson :  Tensile  Properties  of  Copper  at  High  Tem- 
peratures.   Jour.  Inst,  of  Metals  (1914),  12,  56. 

*  A  modification  of  that  described  by  J.  E.  Shrader  at  the  Pittsburgh  meeting  of 
the  Am.  Physical  Society,  Dec.,  1918. 
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use,  both  the  copper  tube  and  the  enclosing  furnace  tube  were  evacu- 
ated until  a  steady  temperature  was  reached,  measured  with  a  small 
Pt-PtRh  couple  adjacent  to  the  copper  tube,  and  then  the  desired  gas 
was  introduced,  flowing  slowly  through  the  quartz  furnace  tube  at  atmos- 
pheric pressure.    This  arrangement  is  shown  in  Fig.  3, 

The  hydrogen  and  carbon  dioxide  were  taken  directly  from  presBure 
tanks;  the  carbon  monoxide  was  generated  by  the  action  of  sulphuric 
and  formic  acids,  the  gas  being  dried  before  entering  the  furnace;  the 
steam  was  introduced  wet  at  atmospheric  pressure. 


After  some  experimentation,  700°  C.  was  chosen  as  a  temperature  suit- 
able for  making  measurements  of  the  comparative  rates  of  diffusion  of 
these  gases  through  copper.  Curves  giving  the  observed  change  in  pres- 
sure inside  the  copper  tube,  due  to  diffusion  of  the  gases  through  its  walls, 
are  shown  in  Fig.  4.  The  following  table  gives  comparative  measure- 
ments, the  rate  of  diffusion  being  taken  as  the  maximum  slope  of  the 
pressure-time  curve,  referred  to  hydrogen  as  1000  units. 

Table  2. — Rate  of  Diffusion  of  Gases  Through  Copper  at  700°  C. 

DilTuiiDD 
Ciu  R*M 

H, 1000 

H,0 66 
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It  will  be  Been  tliat  hydrogen  will  diffuse  iato  copper  approximately 
15  times  as  fast  as  water,  formed  by  the  reactioo  of  hydrogen  on  CujO, 
ean  diffuse  out;  and  similarly,  that  carbon  monoxide  diffuses  through 
copper  about  25  times  faster  than  the  carbon  dioxide  formed  when  it 
reduces  the  cuprous  oxide. 

This  result  seems  to  confirm  the  above  explanation,  that  the  weakness 
experienced  by  copper  containing  disseminated  oxide,  after  exposure 
to  reducing  gases  at  high  temperatures,  is  due  to  the  internal  fractures  pro- 
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Fio.  4. — Diffusion  of 


duced  by  the  expansive  action  of  a  gas  which  is  formed  by  the  reduction 
of  each  oxide  granule  at  a  rate  much  faster  than  that  at  which  it  can  dis- 
solve in  the  copper  and  diffuse  away. 

An  interesting  check  on  the  regularity  of  the  measurements  is  that 
if  the  logarithm  of  the  rate  of  diffusion,  as  found  above,  is  plotted  against 
the  molecular  weight  of  the  gas,  a  straight  line  is  obtained. 

The  transmission  of  hydrogen  through  copper  was  further  studied 
by  making  diffusion  measurements  at  a  number  of  temperatures.  The 
urangement  of  the  apparatus  was  the  same  as  that  described  above, 
except  that  at  temperatures  above   700°,   when   diffusion   was   rapid 
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and  the  pressure  chaage  considerable,  a  direct-reading  mercury  mano 
meter  was  used.  The  results,  shown  graphically  in  Fig.  5  and  6,  are 
as  follows,  the  rate  at  700°  being  considered  unity. 

Tasle  3. — Diffusion  of  Hydrogen  Through  Copper 

R»taof 
TemjMntura  DiSuwon 

950°  C 17.0 

850 10.0 


500 0.54 

400 0.006 

Plotting  the  rate  of  diffusion  against  temperature,  the  curve  (Fig.  7) 
first  shows  appreciable  diffusion  between  400'  and  500°,  and  rises 


'nm*  •  HinutM 
Fia.  5. — Diffusion 


sharply  beyond  700°.  This  aRrees  with  the  observations  made  on  the 
physical  effects  of  hydrogenation,  recorded  above,  in  which  incipient  de- 
terioration in  quality  was  noted  in  this  same  temperature  interval.  The 
diffusion  rate  measured  at  800°  and  above  is  probably  in  excess  of  the 
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true  rate  of  diffusion,  due  to  the  known  t&ct  that  at  these  temperatures 
the  fissures  produced  by  the  reaction  on  the  oxide  are  of  sufficient  size 
to  make  tlie  tube  permanently  porous. 

Reduction  op  •Cuprous  Oxide  by  Hydrogen 

To  check  the  dependence  of  hydrogenation  upon  the  diffusion  rate 
of  hydrogen  through  copper,  a  series  of  solid  copper  strips  were  exposed 
to  hydrogen  at  temperatures  between  200**  and  900°  for  varying  lengths  of 
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Fig.  6. — Dippusion  op  hydrogen  through  copper. 

time.  Since  cuprous  oxide  is  readily  reduced  to  metal  by  hydrogen 
at  147°  C.,'  it  is  evident  that  the  depth  to  which  the  reduction  of  the  oxide 
granules  has  taken  place  is  a  measure  of  the  depth  to  which  the  hydrogen 
has  diffused,  assuming  that  the  hydrogen  concentration  necessary  before 
reduction  takes  place  is  small.  Cross-sections  of  these  copper  pieces 
were  made  and  the  depth  of  deoxidation  was  measured.  It  was  found 
that  the  deoxidized  envelope  surrounding  the  central  oxide-containing 
core,  while  not  sharply  defined,  was  of  rather  uniform  thickness  in  indi- 


•  C.  N.  Otin:  MetaUwrgie  (1912),  9,  98. 
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vidual  samples.  A  representative  example  of  this  penetration  is  shown 
in  the  micrograph.  Pig,  14.  The  curves  in  Fig.  8  show  how  the  depth 
of  this  layer  varies  with  the  time  of  exposure.    There  was  no  observable 
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reduction  of  internal  oxide  particles  at  400°  after  an  hour's  exposure, 
nor  at  any  temperature  below  this.  Taking  the  values  of  the  initial 
slopes  of  this  family  of  curves  as  proportional  to  the  rate  of  diffusion, 


and  plotting  these  values  against  the  temperature,  a  curve  is  obtained 
(Fig.  9)  very  similar  to  the  diffusion  curve  as  measured  by  the  copper 
tubes,  but  not  influenced  by  the  opening  of  minute  crevices  as  the  reduc- 
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tioQ  of  oxide  proceeds.    Active  diffusion  becomes  apparent  between  400^ 
and  500^  C. 

A  comparison  between  the  two  determinations  is  given  in  Fig.  10, 
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Fig.  9. — Rate  of  diffusion  of  hydrogen  into  copper. 
(Using  reduction  of  cuprous  oxide  particles  as  indicator.) 

where  the  two  diffusion  curves  are  plotted  to  the  same  scale,  i.e.,  relative 
rates  of  diffusion  compared  with  the  rate  at  700°  as  imity.  The  diver- 
gence above  700°,  due  to  the  influence  of  the  increasing  porosity  of  the 
copper  tubes,  is  apparent. 
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Fig.  10. — ^Relative  rates  op  diffusion  of  hydrogen  through  copper. 

Influence  of  Oxygen  Content 

The  oxygen  content  of  the  copper  strips  used  in  all  the  foregoing 
work  was  0.05  per  cent.     Copper  strips  containing  larger  quantities  of 
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oxygen  were  obtained,  and  were  given  similar  exposures  to  hydrogen, 
i.e.,  30  min.  at  800^.  A  quantitative  measure  for  the  disruption  of  the 
copper  is  not  easy  to  find,  but  an  examination  of  the  micrographs. 
Fig.  15  to  18,  shows  that  as  the  oxygen  content  increases,  the  severity 
of  the  action  also  increases.  The  photographs  are  from  unetched 
surfaces  and  the  grain  outlines  are  due  wholly  to  the  intercrystalline 
ruptures.  A  consideration  of  what  happens  during  hydrogenation  shows 
that  it  is  not  oxygen  content  alone  that  determines  the  severity  of  the 
action.  The  reaction  that  takes  place  when  a  particle  of  cuprous  oxide 
is  reduced  to  metallic  copper  is  quantitative;  the  volume  of  the  resulting 
void  is  definite,  depending  on  the  specific  volumes  of  copper  and  cuprous 
oxide,  and  the  quantity  of  water  formed,  existing  as  a  gas  and  filling  this 
space,  is  also  definite.  At  a  given  temperature  the  ratio  of  these  two 
quantities  determines  the  pressure,  but  this  ratio  is  independent  of  the 
total  quantity  of  oxide  present.  The  actual  pressure,  then,  is  a  function 
of  the  temperature. 

At  high  temperatures  the  cohesion  between  two  copper  grains  is 
much  less  than  the  point  to  point  cohesion  within  one  of  them,  so  that  it 
is  only  the  gas-filled  pockets  that  happen  to  lie  along  a  grain  boundary 
that  are  operative  in  causing  rupture.  Since  this  is  so,  cast  copper, 
in  which  all  the  oxygen  present  is  concentrated  along  the  grain 
boundaries  as  a  cuprous  oxide-copper  eutectic,  is  peculiarly  susceptible 
to  hydrogenation.  This  is  strikingly  shown  in  Fig.  19  and  20,  which 
is  a  cast  copper  containing  but  0.02  per  cent,  oxygen,  and  Fig.  21,  showing 
a  piece  of  cast  copper  containing  0.50  per  cent,  oxygen  (more  than  the 
eutectic  concentration)  before  and  after  hydrogenation.  In  the  latter 
case,  the  explosive  action  of  the  gas  formed  has  completely  shattered 
the  metal. 

In  wrought  copper,  during  the  process  of  rolling,  the  oxide  particles 
become  thoroughly  mixed  with  the  metal,  the  recrystallization  taking 
place  with  complete  disregard  of  their  presence,  so  that  the  situation 
of  an  oxide  granule  at  a  grain  boundary  is  governed  simply  by  chance. 
An  increased  oxygen  content  increases  the  severity  of  hydrogenation 
in  wrought  copper  only  because  of  the  greater  possibility  of  oxide  granules 
to  lie  along  the  grain  boundaries. 

From  the  nature  of  the  action  which  causes  the  mechanical  deteriora- 
tion, it  is  not  expected  that  any  chemical  or  heat  treatment  short  of 
remelting  would  restore  hydrogenated  copper  to  its  former 'condition. 
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The  Spectroscopic  Detennination  of  Lead  in  Copper 


(Mlltnmkes  Me«tiii«.  Ostobv,  1»1S) 

In  a  previous  article'  preliminary  experimenU  were  described,  in- 
dicating the  possibilities  of  a  quantitative  spectroscopic  method  for 
the  determination  of  small  amounts  of  lead  in  copper,  which  would  be 
accurate  and  rapid,  and  could  be  carried  out  io  the  refining  plant  by  one 
not  skilled  in  chemical  analysis.  The  present  paper  deals  with  the  devel- 
apment  of  the  method  in  the  factory,  giving  the  details  of  apparatus  and 
it8  standardization,  and  presenting  a  comparison  of  the  accuracy  of  the 
method  with  that  of  the  standard  electrolytic  determination.  (For 
variations  and  other  appUcations  of  the  method,  the  reader  is  referred 
lo  the  first  article.) 


— Lead  line  bright. 


—  IiMd  baoomiim  faint. 


'Ik  l«ad  line,  at  point  MS.S  in  I 
402.29  tad  V)S.39,  lyinf  clow 

1.  Outline  op  Method 
A  carefully  weighed  sample  (0.4  gm.)  of  the  copper  to  be  tested  is 
placed  in  a  cavity  in  a  graphite  positive  electrode.     An  arc  capable  of 

'Roeaich  ChemiBt,  Weatingbouse  Electric  and  Mfg.  Co. 

'ProcMdinfiAm.ElectTocbem.Soc.  (1918),  Sa,  191.    Met.  and  Chan. Eng.  (1917), 
n,659. 
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regulation  is  struck,  and  maintained  under  constant  conditions  between 
the  copper  sample  and  a  rotating  upper  carbon  electrode.  A  spectroscope 
is  so  adjusted  as  to  observe  the  lead  line  (405.8  m),  as  shown  in  Fig.  1. 
With  a  stop-watch,  the  time  is  determined  between  the  melting  of 
the  copper  sample  and  the  disappearance  of  the  lead  line  from  the  spec- 
trum. This  time  is  proportional  to  the  lead  content  of  the  sample,  the 
exact  values  depending  upon  the  apparatus  employed.     The  apparatus 
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is  calibrated  with  samples  of  known  lead  content  and  a  time-lead  curve  is 
established  for  the  apparatus.  Where  minimum  values  alone  are  re- 
quired, the  time  of  disappearance  of  lead  from  a  sample  of  satisfactor}' 
copper  is  taken  as  a  standard,  and  the  refining  process  is  continued  until 
furnace  samples  show  a  time  equal  to  or  less  than  the  standard. 


2.  Apparatus 


The  apparatus  and  its  arrangement  as  finally  installed  are  shown  dia- 
grammatically  in  Fig.  2  and  in  the  photograph  Fig.  3.     A  full  description 
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of  the  various  parts  of  the  apparatus  will  be'  found  in  Appendix  I.  On 
account  of  conditions  due  to  the  war,  we  were  unable  to  purchase  a  spec- 
troBcope  suitable  for  the  work,  and  were  forced  to  use  a  grating,  which 
required  more  space. 


APPABATOS. 

A— Grapbita  paaitin  almtrodt,  Q— Eod  at  S-ft.  boi.  M— SeHgg  nsiitmnce  knob, 

B— Nsf.  dectioda  ud  oodUM.  H— Eys-plece.  N— Rotstini  clcelric  gwllcta. 

C— Electrode  puUtf .  I— Sckcd.  O— RotstioE  electiic  motac, 

D — ArMcngth  oootTol.  J — Motor-fl«iwimtor  Bwkch.  P — July  balance. 

E— L«w.  K — Motor-faDaralor  rheostat.  Q~Ammeter. 

F— Priam  aod  alii.  L— Arc  awiteh.  R — Colored-gUaa  lereen. 

3.  Standabdization  of  Apparatus 

Our  first  two  attempts  to  standardize  the  apparatus  were  not  suc- 
cessful. However,  we  shall  give  some  of  the  details  regarding  them, 
since  they  throw  some  light  on  the  refative  accuracies  of  the  spectroscopic 
and  electrolytic  methods  for  email  quantities  of  lead.     The  three  methods 


\ 


1584       THE  SPECTBOSCOPIC  DETERMINATION  OF  LEAP  IN  COPPEB 

of  calibration  were:  (1)  checking  routine  analyses;  (2)  comparative  analy- 
ses of  large  samples;  (3)  comparative  analyses  of  synthetic  samples. 

Checking  RoiUine  Analysis 

For  a  period  of  several  weeks,  the  spectroscope  was  used  in  comparison 
with  regular  routine  analyses  by  the  electrolytic  method.  (Description 
of  method  will  be  found  in  Appendix  II) .  The  results  seemed  to  check  the 
work  of  some  of  the  chemists  quite  accurately,  but  at  best  the  uncertainty 
was  too  great  to  establish  a  caUbration. 


Analysis  of  Large  Samples 

Five  large  samples  of  copper  shot  were  made  by  selection  from  regular 
furnace  runs  on  the  basis  of  the  routine  test.  These  were  submitted  to 
three  chemists  for  chemical  determination  of  lead,  and  were  examined 
in  the  spectroscope.  We  were  still  unable  to  check  the  chemical  method, 
and  consequently  returned  the  samples  for  repeat  analysis,  including 
repeat  samples  on  regular  routine  tests.  The  values  obtained  are  given 
in  Table  1.  The  analyses  on  the  special  samples  were  made  by  three 
chemists,  two  of  them  using  a  10-gm.  sample  and  one  a  25-gm.  sample, 
working  independently. 

Table  1. — Lead  Contents  of  Special  Samples 


No. 


Original  Anal,  by  3 
Chemists 


Av. 


Check  by  3 
Chemists 


;    Check  by  2 
Av.  Chemists 


Av. 


1 

2 
3 
4 
5 


0.005  0.006 
0.005  0.005 


0.010 
0.015 
0.020 


0.010  0.010 
0.015|  0.015 
0.020  0.020 


0,005.0.005 
0.007,0.007,10.012 
0.010  0.012 


0.015 
0.020 


0.012 
0.012 


0.013  0.013 


0.012 
0.015 
0.013 


0.005  0.005  0  005 


0.012 
0.013 
0.0131  O.Oli 


0.017  0.015 
0.022' 0.022  0.022 


Lead  Contents  of  Furnace  Samples 

Original  Analysis  Cheek  Analysis 


0.012 
0.017 
0.018 
0.022 
0.027 


0.005 
0.008 
0.017 
0.020 
0.038 


As  might  be  expected,  the  routine  analyses,  which  are  often  rushed, 
do  not  show  the  accuracy  of  the  special  analyses.  From  the  results  given, 
and  from  an  extended  investigation  of  the  electrolytic  method  in  our 
analytical  laboratory  by  others,  it  appears  that  the  possible  error  in  the 
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electrol3rtic  method  is  of  the  order  of  0.003  per  cent,  for  careful  work,  and 
0.005  per  cent,  for  rapid  routine  tests. 

The  readings,  in  seconds,  by  the  spectroscopic  method  for  the  special 
samples  are  given  in  Table  2.  These  are  averages  of  ten  readings  by 
two  observers,  A  and  B,    For  comparison,  the  percentage  of  lead  is  cal- 
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Fig.  4. — Calibration  curve,  on  synthetic  samples. 

(10  amperes,  220  volte.    Arc,  1  cm.  long.    Upper  carbon,  >^  in.    Lower  graphite,  IH  in-) 

culated  from  the  time  and  the  time-lead  curve,  after  this  had  been  estab- 
lished with  synthetic  samples.  The  errors  expressed  are  the  average 
deviation  from  the  mean,  and  Would  probably  represent  the  order  of  the 
possible  error. 
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Table  2. — Comparison  of  Spectroscopic  and  Analytic  Methods 


Spectroeoopic  Method 

No. 

Time  in  Seconds,  2  Obmrven 

Par  Gent.  Lead 
from  Curve 

Per  Cent.  Lead 
by  Analysis 

Difference 

A 

^ 

Av. 

1 
2 
3 
4 
5 

65±4 

107  ±3 

94±9 

88±4 

122  ±2 

76  ±7 
98  ±5 

104±7 
90±8 

125  ±8 

70  ±5 

103  ±4 

99  ±8 

89  ±4 

124  ±4 

0.009±2 
0.017±2 
0.016±2 
0.014±2 
0.021  ±2 

0.005±4 
0.009±4 
0.012±3 
0.014+2 
0.021  ±3 

0.004 
0.008 
0.004 
O.OOO 

0.000 

• 

It  is  to  be  noted  that  we  have  been  dealing  with  the  accidental  errors 
of  the  two  methods,  and  that  we  have  not  attempted  to  express  the  prob- 
able error.  The  figures  indicated  the  existence  of  systematic  errors, 
since  the  determinations  by  the  two  methods  differ  by  more  than  the 
possible  error  of  each.  These  differences  are  the  greatest  with  samples 
of  small  lead  content,  the  electrolytic  method  being  uniformly  lower  than 
the  spectroscopic.  It  is  known  that  the  electrolytic  precipitation  of  the 
oxidized  lead  is  not  complete  under  certain  conditions,  and  the 
systematic  error  would  tend  to  give  low  results.  If  we  select  the  highest 
individual  chemical  analysis  we  have  a  much  better  agreement  between 
the  two  methods.  Since  the  spectroscopic  method  is  standardized  under 
the  conditions  of  operation,  any  systematic  errors  in  the  method  will  be 
included  in  the  standardization,  and  we  are  therefore  concerned  only  with 
the  accidental  errors. 


Synthetic  Samples 

Synthetic  Samples  were  made  in  the  laboratory  by  adding  a  carefully 
weighed  amount  of  pure  lead  to  the  required  amount  of  molten  pure  cop- 
per (Cu  99.963  per  cent.)  in  new  fire-clay  crucibles  under  charcoal  cover, 
mixing  thoroughly  and  pouring  into  fine  shot. 

The  spectroscopic  readings  were  made  by  the  furnace  foreman  who 
will  use  the  method  in  control  of  the  refining  furnace.  It  should  be 
noted  that  this  observer  is  not  experienced  in  the  use  of  the  spectroscope 
and  his  training  has  been  in  factory  production  rather  than  in  investiga- 
tive work.  The  readings  were  taken  at  random,  so  the  observer  could 
have  no  indication  of  the  lead  content  of  the  sample  under  test.  The  in- 
dividual readings  are  given  in  Table  3,  and  from  these  the  averages  and 
errors  are  calculated.  The  time-lead  curve  arising  from  these  readings 
is  shown  in  Fig.  4.  (In  regular  factory  operation  the  known  samples 
will  be  run  at  regular  intervals  so  that  any  incorrect  adjustments  will 
be  detected.)  This  is  clearly  the  best  method  for  standardizing  the 
apparatus. 
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Tablb  3.— 

Time  (Seconds)  on  Synthetic  SampU 

\s 

• 

Per  Cent.  Lead 

1 

i          1          :          . 
0.000  0.003  0.006  0.008  0.010  0.015  0.022  0.025  0.030  0.040  0.050 

1                                 1           .                                  1           ! 

Time,  sec 

0 
0 

27 
50 

45 
30 

56 
59 

60 
70 

87 
111 

122 
125 

142 
149 

179 
171 

203 
193 

229 

205 

0 

50 

53 

55 

94 

90 

104 

139 

170 

201 

207 

0 

43 

44 

51 

66 

80 

115 

130 

161 

160 

205 

0 

30 

45 

75 

93 

86 

111 

156 

138 

180 

236 

38 

37 

71 

78 

98 

116    132 

138 

208 

34 

44 

66 

79 

102 

117    123  '  158 

168 

26 

68 

67 

70 

134 

112    ... 

127 

191 

m     m 

•  • 

71 

■   ■ 

120 

1 

•   •  •    '     •   ■   * 

■   •   • 

212 

Average 

38 

46 

65 

70 

94 

117 

138 

156 

188 

216 

Av.  deviation 

^    J 

9 

7 

7 

8 

9 

5 

9 

18 

14 

13 

Prob.  error 

3 

4 

2 

3 

3 

2 

3 

9 

14 

6 

^ 

._   . 

• 

High4ead  Samples. — For  the  sake  of  completeness,  a  few  tests  were 
run  on  samples  with  lead  content  much  above  that  usually  determined 
in  copper  refining;  results  are  given  in  Table  4.  On  account  of  the  smaller 
number  of  observations,  the  probable  error  is  greater  than  in  the  samples 
of  small  lead  content. 

Table  4. — Readings  on  High-lead  Samples 


Per  Cent.  Lead 

1 

0.100 

0.150 

0.200 

0.300 

Time,  sec 

240 
228 
245 
222 
248 

236 
8 

4 

260 
250 
226 
269 
330 

267 
29 
12 

290 
352 
292 
345 
319 

320 
22 
10 

408 

Avenure 

456 
450 
448 
437 

440 

"•■••B*' 

Av.  deviation 

14 

Prob.  error 

6 

Doubt  may  naturally  arise  as  to  possible  loss  of  lead  in  making  the 
synthetic  samples.  John  Johnson'  gives  the  vapor  pressure  of  lead  at 
1176**  C,  according  to  Greenwood's  experiments,  as  0.022  atmosphere, 
or  16.7  mm.  Hg.  Using  the  equation  by  Johnson  for  calculating  the 
vapor  pressure,  we  obtain  15.2  mm.  for  the  same  temperature.  It  is 
certain  that  our  samples  were  not  heated  so  high  as  this  and  as  they 
were  made  rapidly  it  is  obvious  that  the  loss  of  lead  must  have  been 
slight.  The  vapor  pressure  of  lead  dissolved  in  molten  copper  would  be 
less  than  that  of  lead  alone,  at  the  same  temperatures.  The  close 
agreement  of  the  analyses  by  the  two  methods  on  special  samples  No.  4 


^Jow,  Ind,  <fc  Eng.  Chem.  (1917),  9,  873. 
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and  5  would  indicate  no  loss  of  lead  in  preparing  the  samples  for 
standardization. 

4.  Variations  in  Conditions 

« 

The  variables  which  might  affect  the  accuracy  of  the  method  are: 

1.  Size  of  sample. 

2.  Uniformity  of  sample. 

3.  Current  variations. 

4.  Variations  in  optical  apparatus. 

5.  Arc  length. 

6.  Drafts  around  electrode. 

7.  Speed  of  rotation  of  electrode. 

8.  Personal  factor. 

1-2.  Size  and  Uniformity  of  Sample. — It  is  obvious  that  the  size  of 
the  sample  is  so  small  that  the  method  cannot  be  used  with  material 
which  is  not  homogeneous.  Enlarging  the  sample  to  1  gm.  would  hardly 
make  the  method  appUcable  to  this  kind  of  material.  If  the  furnace 
sample  is  properly  taken,  and  is  stirred  before  pouring  into  shot,  we  find 
no  evidence  of  segregation  of  lead  with  the  low-lead  samples  which  we 
have  been  using. 

Error  is  possible  in  weighing  out  the  sample.  Where  analytic  bal- 
ances of  the  usual  type  are  used  it  is  an  easy  matter  to  weigh  rapidly  to 
0.001  gm.  From  the  experiments  with  samples  of  different  weights 
discussed  in  our  previous  paper,  it  is  seen  that  the  time  of  disappearance 
of  a  given  unit  of  lead  is  not  proportional  to  the  weight  of  the  sample. 
These  experiments  indicate  that  an  error  in  weighing  of  0.01  gm.  would  be 
necessary  before  the  resulting  determination  of  lead  would  be  changed 
0.001  per  cent. 

However,  to  be  certain  in  this  matter,  samples  having  different 
weights  were  run,  using  one  sample  of  low-lead  content  (0.005  per  cent.), 
and  one  in  which  it  is  quite  high  (0.050  per  cent.).  Results  are  given 
in  Table  5. 

Table  5. — Variation  due  to  Weight  of  Sample 


Weight.  Gm. 


0.005  Per  Cent.  Pb.,  Sec.      I        0.050  Per  Cent.  Pb.,  Sec. 


0.397  42  205 

0.398         I  51 

0.399  4S  200 

0.400         i  46  210 

0.400  54  230 

0.401  43  220 

0.402  43  211 

0.403  40  220 

Average 46  •  214 

Standard  (0.400) 46  216 
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It  is  obvious  that  the  small  errors  in  weighing  do  not  affect  the  lead 
determination.  A  systematic  error  in  weighing  would  affect  the  standard 
samples  with  which  the  apparatus  is  checked  from  time  to  time,  and  would 
soon  be  detected. 

Using  the  Joly  balance,  the  0.4-gm.  point  of  which  was  45.0  on  the 
scale,  the  following  times  were  obtained  with  a  sample  containing  0.010 
per  cent.  lead,  the  standard  time  of  which  was  75  sec. 


Reading,  Joly   Balance 

Time  in   Seoonde 

44.5 

85  79  95 

45.0 

93  75 

45.5 

67  76  50  60 

Average,  75  sec 

The  Joly  balance  can  be  read  within  0.05;  hence  the  error  in  weighing 
with  the  balance  will  not  influence  the  results. 

3.  Current  Variations, — The  arc  is  somewhat  unstable,  but  if  sufficient 
series  resistance  is  included  on  a  high-voltage  line,  the  variations  in  the 
arc,  when  set,  are  not  sufficient  to  affect  the  determination.  The  current 
should  be  large  enough  to  melt  the  sample  readily  and  to  keep  the  globule 
of  copper  at  a  uniform  temperature.  With  low  amperages,  part  of  the 
bead  is  cold  and  erratic  results  are  obtained.  High  amperage  increases 
sputtering  but  gives  better  light.  While  our  apparatus  is  standardized 
for  10  amp.  at  220  volts,  good  results  were  obtained  with  11  amp.  With 
our  apparatus  the  amperage  fluctuates  regularly  from  9.75  to  10.25,  and 
gives  a  good  average  of  10  amp.,  as  shown  in  Table  6. 

Table  6. — Variation  due  to  Fluctuating  Current 


Current,  Amp. 


0.005  Per  Cent.  Lead.  Sec.  0.010  Per  Cent.  Lead,  See. 


8  t  48  54 

9  I  43 


10  (Normal) 

11 

12 


Standard. 


42  46 

41  40 

40  38 

46 


80  87 

75 

75  76 

66  64 

58  58 

75 

It  would  appear  that  the  current  variation  gives  rise  to  an  error 
of  the  first  magnitude.  However,  with  proper  arrangement,  the  variation 
can  be  reduced  to  a  range  that  will  give  accurate  results. 

4.  Variaiion  in  Optical  Apparatus. — There  can  be  no  disarrangement 
of  the  optical  apparatus  which  can  affect  its  accuracy  unless  the  operator 
attempts  to  observe  the  disappearance  of  small  amounts  of  lead  with  an 
apparatus  so  poorly  adjusted  that  the  end  is  not  distinct.  One  becomes 
accustomed  to  the  proper  setting  and  immediately  notices  any  change  in 
adjustment. 
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5.  Arc  Length. — While  it  is  an  easy  matter  to  maintain  a  constant 
arc  length,  it  is  to  be  remembered  that  this  will  not  affect  the  current. 

6.  Drafts, — The  arc  should  not  be  subjected  to  drafts  of  air,  since 
these  make  the  arc  unsteady  and  cool  the  bead.  While  we  have  never 
attempted  to  shield  the  arc,  it  is  quite  possible  that  a  properly  devised 
shield  would  promote  even  greater  accuracy. 

7.  Speed  of  Electrode, — The  speed  of  rotation  of  the  electrode  should 
be  such  as  to  center  the  arc  and  keep  it  from  wandering.  Too  great  a 
speed  tends  to  drafts  and  sputtering  of  the  arc.  In  our  apparatus  the  rate 
is  1000  revolutions  per  minute. 

8.  Personal  Factor, — There  appears  to  be  a  personal  factor  in  using  the 
method,  but  it  is  usually  small  and  constant.  One  observer  may  read  a 
certain  number  of  seconds  longer  than  another  on  the  same  sample; 
this  is  probably  due  to  difference  in  the  sensitivity  of  the  eye.  With 
experienced  observers,  and  even  with  those  who  are  new  to  the  work, 
it  has  been  possible  for  two  observers  to  check  each  other  months  apart. 
Where  there  is  more  than  one  operator  it  would  be  safest  for  each  to 
establish  his  own  calibration  curve,  using  the  same  standard  samples. 

5.  Advantages    and    Limitations 

It  is  obvious  that  the  method  can  be  used  only  on  copper  in  which 
the  lead  is  uniformly  distributed  throughout  the  samples.  If  care  is 
taken  in  preparing  the  shot  from  the  ladle,  we  have  found  no  evidence 
of  segregation.  The  occasional  readings  which  vary  widely  from  the 
average  are,  in  all  probability,  due  to  arc  wandering  or  unsteadiness, 
affecting  the  temperature  of  the  molten  copper.  It  is  our  experi^ce 
that  these  exceptional  readings  are  almost  always  high,  and  we  have 
usually  been  able  to  associate  such  readings  with  irregularities  in  the 
arc.  There  is  a  tendency  for  small  particles  of  the  sample  to  be  thrown 
out  from  the  molten  bead;  this  can  be  lessened  by  rotating  the  upper 
electrode  more  slowly  and  by  cutting  down  the  arc  current.  "WTien 
reduced  to  a  minimum  it  does  not  interfere  with  the  test,  but  is  accounted 
for  in  the  calibration  of  the  apparatus. 

The  advantages  of  the  method  are  facility  and  accuracy.  The 
analyses  can  be  made  in  the  refining  plant  by  the  foreman  or  by  some- 
one who  has  at  least  a  High  School  education.  The  process  of  refining 
can  be  followed  rapidly,  without  holding  the  furnace  for  a  chemical 
analysis.  Even  the  last  analysis,  just  before  pouring,  which  requires 
the  greatest  accuracy,  can  be  made  in  a  few  minutes,  and  the  accuracy 
of  the  method  at  this  point  is  greater  than  that  of  the  chemical  method. 

We  are  indebted  to  Messrs.  Hineline  and  Nuzum  for  the  spectroscopic 
tests  on  the  special  and  synthetic  samples,  and  to  Messrs.  Gwaltney  and 
Demler  for  the  chemical  analyses. 
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Appendices 
1.  List  of  Materials  \ 

Are  Apparcttus: 

Motor-generator  set. 

Westinghouse  3-hp.  ind.  motor,  220-yolt,  S-phase,  style  170,906. 

Westinghouse  3-hp.  d.-c.  generator,  230-yolt,  style  212,677. 
Rheostat  on  motor-generator  set,  Westinghouse  field  rheostat,  30  ohms. 
Rheostat  in  series  with  arc,  Westinghouse  field  rheostat,  200  ohms. 

250-volt  style. 
}^-hp.  motor,  or  smaller,  for  rotating  electrode. 
3-pole,  single-throw,  switch  for  motor-generator  set. 
2-pole,  single-throw,  switch  for  arc  and  motor. 
1  snap  switch  for  motor  on  rotating  electrode. 
Ammeter,  d.-c.,  0  to  15  amp.,  switchboard  type. 
Arc  adjusting  outfit. 

Graphite  cups  and  upper  carbon  electrodes. 
Remodeled  drill  press  for  rotating  upper  electrode. 

Optical  Apparaitu: 

Spectroscope  or  grating,  with  lens  to  focus  arc  image  on  slit. 

Acc^^ories: 

Scale,  or  Joly  balance. 

Screen  for  observing  arc  (colored  glass). 

Stop-watch. 

Standard  weight. 

2.  Method  of  Chemical  Analysis  for  Lead  in  Copper 

A  10-gm.  sample  is  dissolved  in  45  c.c.  nitric  acid  (s.g.  1.40).  The  solution  is 
boiled  until  evolution  of  nitric  oxide  fumes  ceases,  and  it  is  then  neutralised  with 
ammonia.  The  precipitate  is  dissolved  in  nitric  acid  and  5  c.c.  cone,  acid  is  added  in 
excess.  The  solution  is  then  diluted  to  125  c.c.  and  electrolyzed  30  min.  with  a 
current  of  1  amp.  at  25  volts.  The  electrode  is  a  platinum  gauze  cylinder  2  in. 
high,  T^  in.  diameter,  with  10-mil  wire,  50  to  the  inch,  giving  an  anodic  area  of  approxi- 
mately 15  sq.  in.  or  100  sq.  cm.     The  electrode  is  washed  in  alcohol  and  dried  at  180°  C. 

3.  Test  of  Joly  Balance 

Instead  of  the  regular  analytic  balance,  it  has  been  proposed  to  use  a 
Joly  balance,  which  may  be  calibrated  from  time  to  time  with  a  standard 
weight  (0.4  gm.)  equal  to  the  copper  sample  to  be  used.  For  testing  our 
Joly  balance,  the  weights  were  0.4000  ±  5  gm.,  and  the  readings  (scale 
in  centimeters)  were: 


44.75 

44.80 

.62 

.60 

.75 

.75 

.70 

.75 

.75 

.78 

.80 

.75 

.80 

.75 

.80 

.75 

Average  44 .  75  ±  1 

10 


1592      THE  SPECTROSCOPIC  DETERMINATION   OP  LEAD    IN   COPPER 

Repeated  readings  with  the  standard  weight  on  the  Joly  balance  gave 
the  same  values  (44.75  ±  1).  The  Joly  balance  can  be  made  equal  if 
not  superior  in  accuracy  to  the  analytical  balance  over  a  given  range,  and 
is  more  rapid.  Probably  the  accurate  types  of  torsion  balance,  such  as 
made  by  the  Roller  Smith  Co.,  Bethlehem,  Pa.,  and  used  for  weighing 
lamp  filaments,  might  be  used  in  this  work,  but  they  are  rather  expensive. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

(subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  «t  the 
New  York  meeting,  February,  1019.  when  an  abstraot  of  the  paper  will  be  rMd.  If  this  is  impossible, 
then  diseoarion  in  writinK  nay  be  sent  to  the  Editor,  Ameriean  Institute  of  Mining  Sngineersi  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  disoussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Notes  on  Electric -furnace  Problems 

BY   J.    L.    MCK.    YARDLBY,*   PITTSBURGH,    PA. 
(New  York  Meeting.  February,  1919) 

There  are  two  general  classes  of  problems  in  connection  with  electric 
furnaces.  First,  those  relating  to  the  best  utilization  of  the  electrical 
power  inside  the  furnace;  second,  those  connected  with  the  bringing  of 
the  electrical  power  to  the  point  where  it  is  to  be  utilized.  Referring 
particularly  to  the  latter  class  of  problems,  many  calculations  have  been 
made,  covering  a  wide  variety  of  furnaces,  to  check  the  electrical  capacity 
and  power  factor  found  from  test.  The  following  analysis,  made  for  the 
purpose  of  determining  the  maximum  capacity  and  approximate  perform- 
ance of  a  new  furnace,  to  operate  at  160  volts  on  a  60-cycle  circuit,  may  be 
of  interest. 

The  first  characteristic  necessary  to  determine  is  the  inductance, 
since  this  is  the  factor  that  limits  the  amount  of  power  which  can  be  put 
into  the  furnace.  Inductance  is  calculated  from  the  dimensions  of  the 
furnace,  according  to  formulas  of  the  U.  S.  Bureau  of  Standards,^  as 

Formula  99,  for  mutual  inductance,  is : 
follows. 

M.2,[log«-l  +  f] 

Formula  103,  for  self -inductance,  is : 

L  =  2i[log|^-l  +  f-] 

Both  of  these  formulas  are  approximations  which  are  nearly  correct 
when  I  is  great  compared  to  d  or  R, 

I  =  length  of  circuit,  in  centimeters, 

d  =  separation  between  the  conductors,  in  centimeters, 

R  =  geometric  mean  radius  of  conductors.    For  a  circular  tube, 

R  =  the  radius  of  the  circle.    For  a  solid  circular  conductor,  R  =  0.7788 

X  the  radius  of  the  conductor.    For  a  rectangular  conductor,  R  =  0.2235 

X  {a  +  b),  a  being  the  length,  and  b  being  the  width  of  the  rectangle. 

To  calculate  the  inductance  of  a  3-phase  circuit,  it  is  customary  to 

figure  the  inductance  of  one  leg.     In  circuits  where  the  three  conductors 


*  General  Engineer,  Westinghouse  Elec.  &  Mfg.  Co. 
^Brai  U.  S.  Bureau  of  Standards  (1912),  8,  No,  1. 
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are  arranged  in  a  plane  with  equdl  spacing,  the  equivalent  separation  of  all 
three  conductors  from  each  other  is  equal  to  y/2  times  the  actual  separation. 
The  inductance  of  one  leg  of  the  3-phase  circuit  is  obtained  by  subtracting 
the  mutual  inductance  M  from  the  self -inductance  L.  This  is  because  the 
action  of  the  current  returning  in  the  other  wires  reduces  the  inductance 
of  the  wire  that  is  being  calculated. 

The  type  of  plectric  furnace  under  consideration  is  similar  to  that 
shown  in  Fig.  1.  For  purptose  of  calculation,  the  furnace  circuit  was 
divided  into  four  parts :  electrode,  holder,  flexible  lead,  and  transformer 


Interlaced 
to  here 


}<6  8-H 


to 


Copper  Pipe 
Water- Cooled  r 


L 


\  Cable 
Screwed  in 


Charsing  Floor 

-T -± 


I 

1 

1 

3? 


to 


Ok 

SI 


-lO-j 


-V  18  7-- 


Furnace 


Fig.  1. — Furnace  B. 


(including  interlaced   copper  strap  between  transformer  and  flexible 
lead).     Dimensions  of  these  parts  of  the  circuit  are  as  follows: 


Electrode 

Holder 

Flexible  Lead 

I 

345  cm. 

282  cm. 

305  cm. 

d 

192 

192 

192 

R 

40.9 

7.62 

18.15 

U 

763  (10)-»  henry 

1453  (10)-*  henry 

1276  (10)-*  henry 

U  =  L  —  M,  and  is  the  effective  inductance  of  the  conductor,  taking 
into  account  both  mutual  and  self -inductance,  as  previously  outlined. 

The  reactance,  in  ohms,  of  any  circuit  may  be  calculated  by  the 
formula:  X  =  2TfL'  where  /  is  the  frequency  and  L'  the  inductance,  as 
above. 

Using  this  formula,  the  reactance  of  the  electrode,  holder,  and  flexible 
lead,  on  60  cycles,  is  calculated  as  0.001318  ohm.  To  allow  for  the 
reactive  drop  in  the  transformer  and  interlaced  copper  strap  connections, 
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a  reactive  drop  of  15  per  cent,  was  assumed  at  full  load.  This  means 
that  with  30,000  amperes  flowing  into  the  furnace  per  phase,  and  160 
volts  between  phases,  that  is  92.3  volts  between  each  phase  and  neutral, 
the  reactive  drop  would  be  0.15  X  92.3  =  13.85  volts.  To  obtain  the 
reactance,  this  reactive  drop  in  volts  was  divided  by  the  current  in  am- 
peres, giving  0.000462  ohm.  Adding  this  to  the  reactance  found  for  the 
electrode,  holder,  and  flexible  lead,  a  total  reactance  for  the  furnace  cir- 
cuit of  0.00178  ohm  was  obtained. 

As  such  calculations  are  necessarily  but  approximations,  it  is  impor- 
tant to  be  able  to  check  by  tests  on  similar  furnaces.  In  this  case,  tests 
on  two  other  similar  furnaces  were  fortunately  available.  These  were 
furnace  A  which  operates  at  158  volts,  25  cycles,  and  furnace  B  which 
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Amperes 

Fig.  2. — Perform ancb  op  furnace  A,    25  cycles. 

(Transformer  exciting  current  equivalent  to  4620  low-tension  amperes.) 

operates  at  97  volts,  60  cycles.  The  performance  curves  for  these  two 
furnaces  are  given  in  Fig.  2  and  3.  It  will  be  noted  that  furnace  A 
operates  at  practically  the  same  voltage  as  the  proposed  furnace,  though 
at  a  different  frqfluency,  while  furnace  B  operates  at  the  same  frequency 
though  at  a  diflFerent  voltage.  By  analysis  of  the  test  curves,  Fig.  2  and 
3,  the  reactance  of  the  furnaces  was  determined  as  0.00205  ohm  for  fur- 
nace B  and  0.000741  ohm  for  furnace  A,  Correcting  the  value  of  react- 
ance for  furnace  A  to  60  cycles,  it  is  0.001775  ohm.  It  happened,  how- 
ever, that  the  overall  power  factor  shown  on  the  curve  for  furnace  A 
included  the  transformer  exciting  current,  which  was  in  the  neighborhood 
of  15  per  cent,  of  the  full-load  current  value.  Such  an  exciting  current  is 
abnormally  high  for  furnace  transformers,  and  in  the  layout  for  the 
proposed  furnace  it  was  planned  to  use  transformers  having  so  small  an 
exciting  current  as  to  have  a  negligible  effect  upon  the  power  factor. 
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Taking  the  power  factor  shown  on  the  curve  for  furnace  A  at  60,000 
amperes  (which  current  corresponds  at  26  cycles  to  25,000  amperes  at 
60  cycles)  as  being  due  to  reactance  only  and  no  exciting  current,  the 
reactance  of  furnace  A  would  be  0.000934  ohm;  correcting  this  for  60 
cycles,  the  value  is  0.00224  ohm. 


50 

' 

^^^^ 

LO 
0^ 

45 

40 

^ 

OJi 

- 

\ 

s^ 

Powet  Facitor  -  \o\aX 

w«0 

35 

^^ 

A  7 

X, 

V 

u,« 

ao 

^26 
20 

N 

A«  S« 

Kw. 

-2500 

K 

0.6  3 

u 

Tot 

EtlPo 

nrer 

died 

>. 

— - 

' — 

\ 

tf^M 

V 

V 

15 
10 
6 

-1600- 

y^ 

> 

\ 

OJ 

0.2 

0.1 
0 

-1000- 

^ 

\ 

y 

y^ 

\ 

> 

y 

Z 

y 

\ 

04 


O 


Amperes 

Fig.  3. — Performance  op  furnace  B.    60  cycles. 


In  comparing  the  three  furnaces,  their  dimensions  were  considered 
with  regard  to  their  effect  on  inductance,  remembering  that  inductance 
varies  directly  with  the  length  of  the  circuit  and  with  the  logarithm  of 
the  ratio  of  separation  to  radius  of  conductor.  The  dimensions  of  the 
furnaces,  as  far  as  available,  are  as  follows : 


Proposed 
Furnace 

Furnace  A 

Furnace  B 

Electrode  lensth 

11' 4"    . 
18"  X  54" 
5'0" 
9' 3" 

6"  dia.  tube 
10' 

0.00178  ohm  (cal- 
culated) 
30'  7" 

'lO' 

!  15"  X  60"         ^ 
7' 6" 
11'  3" 
7M"  X  10" 
11'  6"  to  19'  6" 
0.00224     ohm 
(test,  modified) 

Electrode  section 

Electrode  separation 

Electrode  holder  length 

Electrode  holder  section 

Flexible  lead  length 

Reactance  at  60  cycles 

Total  length  of  one  leg 

4' 9" 

1 

1 

0 .  00205      (test, 

modified) 
29'  2" 

It  will  be  noticed  that  the  calculated  reactance  of  the  proposed  furnace 
is  less  than  the  total  reactance  of  the  other  two.  The  electrode  separa- 
tion on  the  proposed  furnace  is  less  than  on  furnace  A,  and  the  flexible 
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leads  are  shorter;  so  that  the  inductance  should  be  less.  The  total  length 
of  circuit  for  the  proposed  furnace  is  slightly  greater  than  that  of  furnace 
By  and  the  separation  is  also  greater;  so  that;  provided  the  cross-section 
of  the  circuit  is  the  same,  the  proposed  furnace  should  have  higher  induc- 
tance than  furnace  B,  Since  no  data  were  available  on  the  section  of  the 
6onductor8  used  for  furnace  B,  it  was  felt  that  0.0021  ohm  would  be  a 
conservative  figure  to  employ  as  the  value  of  the  reactance  of  the  proposed 
furnace,  taking  into  account  the  test  and  data  on  furnace  A. 

The  performance  of  the  proposed  furnace,  calculated  with  the  reac- 
tance of  0.0021  ohm,  is  shown  by  the  curve  in  Fig.  4,  compared  with  the 
test  curves  of  the  other  two  furnaces  modified  to  a  uniform  basis  of  160 
volts,  60  cycles.    The  tests  on  furnace  A  were  changed  to  correspond  to 


Fig.  4. — CoMPARATrvE  performance  op  160-volt,  60-cyclb  furnaces. 


the  proposed  conditions  by  reducing  the  current  in  the  ratio  of  60  to  25. 
This  should  give  a  fair  comparison  of  power  factor  for  the  reason  that, 
since  the  voltages  are  the  same  in  both  cases,  the  reactance  voltage  drop 
would  be  the  same  for  the  same  power  factor.  Since  the  reactance 
voltage  drop  is  proportional  to  the  product  of  current  and  frequency,  if 
the  current  is'changed  in  the  inverse  ratio  to  the  frequencies,  the  reactance 
voltage  should  remain  the  same.  The  test  results  on  furnace  A,  modified 
in  this  manner,  are  plotted  in  Fig.  4,  with  the  calculated  performance  of 
the  proposed  furnace. 

In  order  that  the  test  results  on  furnace  B  might  be  on  a  comparative 
basis,  they  were  treated  as  follows:  Since  the  operating  voltage  of 
furnace  fi  is  97  while  that  of  the  proposed  furnace  is  assumed  as  160,  a 
given  power  factor  would  allow  only  (97  -t-  160)  times  as  much  reactance 
voltage  drop  in  furnace  B  as  for  the  proposed  furnace.     Certain  current 
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values  were  chosen  on  the  curve  for  furnace  B  and  the  corresponding 
power  factors  were  tabulated.  The  reactance  factor  corresponding  to  a 
given  power  factor  is,  of  course,  the  sine  of  the  angle  whose  cosine  is  the 
power  factor.  Multiplying  the  reactance  factor  by  (97  h-  1.73)  gave  the 
reactance  voltage  drop  per  leg.  This  reactance  voltage  drop  was  then 
multiplied  by  the  ratio  of  the  voltage  (160  -5-  97)  in  order  to 
obtain  the  corresponding  reactance  voltage  at  the  same  power  factor  and 
at  160  volts.  Since  this  reactance  voltage  is  equal  to  the  product  of  the 
current  and  the  reactance,  and  since  the  reactance  of  the  proposed 
furnace  is  approximately  equal  to  the  reactance  of  the  furnace  B,  the 
ratio  of  the  current  which  will  flow  into  the  new  furnace  to  the  current 
flowing  into  furnace  B  is  the  same  as  the  ratio  of  the  reactive  voltages, 
which  again  is  the  same  as  the  ratio  of  the  voltages,  that  is  160  to  97. 
The  curve  for  furnace  B  modified  for  160  volts  is  shown  in  Fig.  4  together 
with  the  curves  for  furnace  A  and  the  new  furnace. 

The  above  is  simply  an  example  of  the  way  in  which  heavy-current 
furnace  problems  may  be  worked  out.  •  The  important  thing  is  to  have 
plenty  of  test  data  to  refer  to  for  check  purposes.  As  shown  by  Fig.  4, 
the  maximum  useful  input  which  the  furnace  under  consideration  could 
possibly  take  would  be  in  the  neighborhood  of  31,000  amperes  at  160 
volts,  approximately  71  per  cent,  power  factor,  3  phase,  which  would  be 
8600  k.v.a,  or  approximately  6000  kilowatts. 

Acknowledgment  is  gladly  made  to  R.  H.  Willard,  who,  under  the 
writer's  direction,  made  the  detailed  analysis  of  test  results  and  the 
calculations  for  this  furnace. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  In  perMO  at  the 
New  York  meeting,  February,  1910,  when  an  abatraot  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diaeussion  in  writins  may  be  sent  to  the  Editor,  Amerioan  Institute  of  Mining  Engineers,  29  West 
39th  Street.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1,  1919.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Notes  on  Certain  Ore  Deposits  of  the  Southwest 

\ 

BY  W.  TOVOTE,  X.  U.,  TUCSON,  ABIZ. 
(New  York  Meeting,  February,  1919) 

This  paper  is  based  upon  12  years'  experience  in  the  Southwest, 
including  three  years  that  were  spent  in  constant  traveling  as  ex- 
amining engineer  for  the  Phelps-Dodge  Corporation.  The  material  was 
gathered  during  rather  extensive  work  in  Bisbee,  Clif ton-Morenci,  Globe, 
and  Tombstone,  and  also  on  short  and  rapid  trips  into  most  of  the  mining 
camps  and  prospect  fields  of  New  Mexico,  Arizona,  the  desert  country  of 
California,  and  as  much  of  Sonora  as  was  safe  at  the  time.  My  methods 
of  observation  and  my  deductions  are  not  put  forward  as  new  or  scientific; 
they  are  simply  rough  field  methods,  based  upon  short  notes,  rough 
sketches,  and  largely  upon  memory,  which  I  have  found  useful  for 
coordinating  geological  data  for  the  purpose  of  passing  quick  judgment 
on  mining  possibiUties  in  certain  districts  exhibiting  uniform  charac- 
teristics. The  opportunities  for  observation  have  been  better  these  last 
few  years  than  ever  before,  due  to  the  unprecedented  activity  in  mining, 
which  has  caused  the  reopening  of  hundreds  of  old  mines  and  the  starting 
of  even  more  numerous  prospects  all  over  the  mining  States. 

Possible  Systems  of  Classification 

By  Geological  Provinces 

There  are  a  number  of  well  defined  geological  provinces  in  the  territory 
under  discussion,  and  a  study  of  their  individual  features  is  of  interest. 
The  following  are  a  few  of  those  that  are  most  striking  in  their  uniformity. 

1.  The  "Desert  province,"  extending  roughly  from  Wickenburg, 
Ariz.,  to  and  beyond  Barstow,  Cal.  In  its  north-south  extent  it  reaches 
up  to  the  Colorado  River  and  down  into  Sonora,  but  overlaps  other  pro- 
vinces. It  is  characterized  by  a  worn-down  basement  of  schistose  and 
granitic  rocks,  on  which  rest  remnants  of  Paleozoic  and  pre-Paleozoic 
sediments,  including  very  old  limestones.  The  sediments  are  disrupted 
and  contorted.  Alteration  in  the  mineralized  areas  is  very  prominent, 
especially  in  the  schists  and  limestones.  Cenozoic  volcanic  rocks, 
principally  of  semi-basic  composition,  have  been  intruded  into  this 
complex  and  sometimes  cover  it  as  lava  flows. 

2.  The  "Yavapai  schist"  province,  similar  to  the  one  first  mentioned, 
consists  of  metamorphosed  basic  and  semi-basic  rocks.    It  Ues  in  northern 
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Yavapai  and  Gila  counties,  having  Jerome  and  Mayer  as  principal 
mining  centers. 

3.  The  territory  of  the  great  lava  fields  in  north  and  central  New 
Mexico. 

4.  The  "Red  Beds''  in  the  same  district. 

The  outlines  and  the  characteristics  of  these  provinces  help  somewhat 
toward  understanding  the  mines  and  prospects  in  them^  but  I  have 
found  it  to  be  of  only  slight  advantage  to  classify  ore  deposits  according 
to  their  geological  provinces,  because  too  many  widely  differing  deposits 
are  likely  to  be  found  in  the  same  geological  district. 

By  Form  of  Ore  Deposits 

Classification  according  to  the  form  that  an  ore  deposit  has  assumed 
may  serve  for  purposes  of  subdivision,  but  it  is  of  little  practical  use 
because  the  form  is  merely  accidental,  depending  upon  the  structure  and 
chemical  properties  of  the  invaded  country-rock,  and  the  factors  of 
stress  and  depth  of  burial.  In  consequence,  a  number  of  different  forms 
may  occur  in  a  single  camp.  Some  of  the  most  prominent  forms  are: 
(1)  Veins.  (2)  Lodes,  intermediate  between  veins  and  disseminated 
deposits.  (3)  Disseminated  deposits.  (4)  Infiltration  deposits.  (5) 
Contact-metamorphic  deposits.  (6)  Replacement  deposits.  (7)  De- 
trital  deposits. 

The  ore-forming  agencies  react  differently  in  different  rocks.  The 
same  fracturing  force  would  produce  a  trunk-channel  in  a  granitic  mass- 
ive, but  a  stockwork  of  interlocking  fissures,  or  a  lode,  in  porphyry;  it 
would  cause  lamination  in  schist,  or  devious  and  quickly  cemented  breaks 
in  limestone;  it  might  almost  disappear  in  plastic  shale  but  break  through 
brittle  quartzite  in  a  series  of  compound  cracks.  Thus  the  same  mineral- 
izing activity  might  produce  a  vein  in  granite,  a  disseminated  or  lode  de- 
posit in  porphyry,  an  infiltration  deposit  in  schist,  or  contact  metamorphic 
or  replacement  deposits  in  limestone;  it  might  form  rich  ore  zones  at  the 
contact  with  shale,  but  remain  barren  in  them,  and  cause  irregular  stringer 
veins  and  replacements  in  quartzite. 

By  Composition  of  Originating  Magma 

Disregarding  detrital  deposits,  all  ore  deposits  in  the  Southwest  show 
an  intimate  connection  with  igneous  rocks,  and  the  different  types  of 
intrusives  have  produced  certain  unmistakable  characteristics  in  the 
resulting  ore  deposits,  no  matter  in  which  geological  province  they  may 
occur.  A  classification  according  to  the  igneous  mineralizing  rocks  has 
more  elements  of  universal  adaptability  for  this  limited  area  than  any 
other  system  that  has  been  tried.  It  would  not  be  applicable,  of  course, 
to  a  wider  territory,  because  well  established  types  are  known  elsewhere 
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which,  according  to  the  best  authorities,  do  not  reveal  any  connection 
with  igneous  sources. 

Igneous  Rocks 

In  field  work,  and  for  the  purpose  of  this  paper,  I  dispense  with  the 
standard  appellations  of  the  igneous  rocks,  except  in  rare  unmistakable 
cases,  and  use  instead  the  following  classification: 

1.  Ultra-acid  rocks:  quailz  dikes  and  quartz-pegmatites. 

2.  Acid  rocks :  having  prominent  quartz  as  a  constituent,  like  granites, 
quartz-monzonites  and  quartz-diorites. 

3.  Semi-acid  rock's:  light-colored,  with  little  or  no  quartz, 

4.  Semi-basic  rocks:  dark-colored,  corresponding  roughly  to  the 
monzonite  and  diorite  families. 

5.  Basic  rocks:  dark  colored,  embracing  diabases,  gabbros,  basalts, 
and  related  rocks. 

6.  Ultra-basic  rocks:  amphibolites,  pyroxenites, peridotites,  and  rocks 
abnormally  rich  in  iron. 

All  these  groups  of  rocks  have  been  found  in  connection  with  ore 
deposits,  but  No.  2,  3,  and  4  are  by  far  the  most  important. 

Structural  variations  are  designated  as:  Holo-crystalline,  or  granitic; 
semi-crystalline,  or  porphyritic;  dense,  or  rhyolitic;  aphanitic,  or  glassy. 

Periods  of  Volcanism,  Periods  of  Orb  Deposition  and  Systems 

OF  Fracturing 

Igneous  activity  in  the  Southwest  was  concentrated  in  several 
distinct  periods,  accompanying  and  following  great  continental  changes. 
The  oldest  of  these,  in  pre-Paleozoic  times,  is  of  little  interest  in  this  dis- 
cussion, because  no  ore  deposits  can  unmistakably  be  connected  with 
it;  even  those  the  origin  of  which  antedates  the  Mesozoic  era  are  ex- 
tremely rare,  and  proof  of  their  age  is  not  above  doubt.  Two  periods  of 
volcanism  stand  out  preeminently: 

1.  The  Mesozoic  Era,  ranging  from  late  Cretaceous  into  early 
Tertiary. 

2.  The  Cenozoic  Era,  or  Tertiary  period. 

Mesozoic  Igneous  Rocks 

The  Mesozoic  period  was  inaugurated  by  the  "great  Cretaceous 
transgression"  which  swept  over  an  old  continent  and  buried  it  beneath 
the  sea.  The  igneous  rocks  of  this  period  are  mostly  granitic,  less  fre- 
quently porphyritic,  in  texture,  and  the  horizons  now  exposed  were  at 
one  time  overlain  by  strata,  long  since  removed.  All  types  of  rocks  are 
represented,  but  acid,  semi-acid  and  basic  magmas  prevail.  The  acid 
rocks  have  the  widest  distribution  as  well  as  the  greatest  importance  as 
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mineralizers.  Ultra-acid  rocks  appear  with  some  of  the  less  important 
deposits.  Basic  and  semi-basic  intrusives  seem  to  have  produced  ore 
only  in  a  few  places,  and  even  there  their  importance  has  been  questioned. 
For  these  reasons,  I  shall  not  attempt  a  further  division  of  the  Mesozoic  ore 
deposits  according  to  their  mineralizers. 

Tertiary  Ign,eous  Rocks 

The  Tertiary  period  witnessed  a  gradual  recession  of  the  ocean  and  the 
emerging  of  a  new  continent.  The  change  was  not  as  abrupt  and  univer- 
sal as  that  of  Cretaceous  time,  but  was  the  result  of  a  series  of  oscillations. 
The  volcanic  activity  accompanying  it  was  very  widespread  and  intense. 
Its  products  are  the  mighty  lava  fields,  still  impressive  after  ages  of  dis- 
ruption and  erosion,  besides  volcanic  necks,  bosses,  and  intrusive  dikes. 

Magmas  of  all  compositions  are  represented,  but  acid,  semi-basic  and 
basic  magmas  prevail.  The  texture  is  principally  rhyolitic,  less  frequently 
porphyritic  or  glassy.  The  sequence  is  generally :  1 .  Semi-basic ;  2.  Acid;  3. 
Basic.  In  some  localities,  the  cycle  has  been  duplicated,  in  others  only 
a  part  of  it  was  developed  or  has  survived.  This  produces  some  apparent 
or  actual  inconsistencies  in  the  relative  age  of  the  different  rocks.  The 
varying  acidity  of  the  mineralizing  magmas  has  afforded  strikingly  differ- 
ent characteristics  of  their  respective  ore  deposits;  I  therefore  subdivide 
.the  Tertiary  ore  deposits  as  follows: 

1 .  Andesitic  deposits,  caused  by  semi-basic  mineraUzers.  2.  Rhyolitic 
deposits,  caused  by  acid  mineralizers.  3.  Basaltic  deposits,  caused  by 
basic  mineralizers. 

There  is  a  marked  difference  between  Mesozoic  and  Tertiary  deposits, 
even  when  produced  by  mineralizers  of  similar  composition.  This  is 
due  partly  to  different  conditions  in  temperature  and  depth,  and  partly 
to  the  varying  length  of  time  during  which  modifying  agencies  have  been 
able  to  work  on  the  deposits. 

Systems  of  Fracturing 

The  forces  which  produced  both  the  volcanism  and  the  great  continen- 
tal changes  radiated,  in  all  probability,  from  certain  well  defined  <;enters, 
and  acted  in  the  same  general  direction  over  wide  sections  of  the  country. 
It  is  therefore  not  surprising  that  the  different  periods  show  a  marked 
preference  for  certain  directions  of  fracturing,  as  now  indicated  by  the 
respective  porphyry  dikes  and  veins.  Of  course  this  is  not  an  invariable 
rule,  because  great  uniform  rock  masses,  like  batholiths,  caused  devia- 
tion of  the  fissuring.  In  other  places  the  fracturing  force  may  have  had  a 
local  origin,  for  instance,  a  detached  volcano.  In  other  places,  the  ex- 
ception may  be  only  apparent,  a  dike  having  been  deflected  from  its 
normal  course  by  a  preexisting  fault,  or  ore-forming  agencies  deviated  by 
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such  channels  or  by  favorable  rocks.  In  spite  of  many  exceptions,  actual 
and  apparent,  I  have  time  and  again  noticed  a  coincidence  between 
direction  of  fracturing  and  age  of  the  occurrence,  and,  in  otherwise 
doubtful  cases,  have  even  considered  the  direction  a  factor  in  deter- 
mining the  age  of  a  deposit. 

Mesozoic  fracturing  is  principally  in  northeast-southwest  direction; 
Cenozoic-andesitic  fracturing  favors  northwest-southeast;  and  Cenozoic- 
rhyolitic  favors  north-south  and  east-west  fracturing. 

Thb  Mesozoic  Orb  Deposits 

The  Mesozoic  ore  deposits  of  the  Southwest  include  most  of  the 
largest  and  well  known  mines,  especially  those  of  copper.  Bisbee,  Globe, 
Clif ton-Morenci,  Miami-Inspiration,  and  Ray,  in  Arizona,  Chino  in  New 
Mexico,  La  Cananea  in  Sonora,  belong  in  this  group;  also,  probably,  the 
Burro  Mts.,  Organ  Mts.,  and  San  Pedro  districts  in  New  Mexico  and  the 
Twin  Buttes  district  in  Arizona,  but  in  these  latter  cases  a  younger 
nineralization  has  possibly  supplemented  the  original  Mesozoic 
mineralization. 

Acid  intrusives  of  the  quartz-monzonite  type  are  most  prominent. 
Basip  mineralizers  are  indicated  in  Globe  and  in  parts  of  the  Clifton- 
Morenci  district.  The  fracturing  is  normally  in  N.E.-S.W.  direction. 
The  volcanic  activity  was  of  long  duration;  in  Clif  ton-Morenci  and  in 
the  Twin  Buttes  district,  Cretaceous  strata  have  been  invaded  by  the 
monzonite;  in  Bisbee  they  have  not.  Many  of  the  districts  do  not  show 
the  intrusives  and  the  Cretaceous  strata  in  juxtaposition,  and  the  exact 
age  of  the  intrusion  cannot  be  determined. 

The  ore  deposits  are  principally  those  of  moderate  temperature,  but  a 
few  high-temperature  deposits  are  known.  Many  of  the  districts  began 
by  working  contact  deposits,  probably  of  high-temperature  origin,  but 
i  their  present-day  importance  depends  on  ores  which  do  not  indicate 
I  deposition  under  conditions  of  either  great  stress  or  high  temperature. 
The  mines  are  scattered  over  a  series  of  islands  of  older  rocks,  emerging 
from  the  surrounding  lava  fields  or  gravel-covered  valleys  and  mesas. 
The  prospective  area  is  much  smaller  than  that  of  the  more  recent  periods 
of  mineralization.  The  ratio  of  successful  mines  to  the  total  number  of 
prospects  is  high.  Remineralization  by  descending  waters  has  proceeded 
for  a  long  time,  and  oxidation,  kaolinization,  and  kindred  processes,  are 
far  more  complete  than  in  the  younger  deposits.  The  mineralogy  is 
generally  very  simple,  often  almost  uninteresting,  except  for  the  changes 
wrought  by  secondary  processes. 


Pegmatitic  Deposits 

Pegmatitic  deposits  connected  with  ultra-acid  dikes  are  known,  but 
are  not  of  great  economic  importance;  for  instance,  the  tungsten  veins 
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near  Johnson  Camp,  copper-molybdenite  and  tungsten  veins  in  the 
Hualpai  Mts.  and  Aquarius  Range,  Ariz.,  in  whose  vicinity  stream-tin 
has  been  found.  Bismuth  is  encountered  in  the  veins  occasionally;  tour- 
maline is  frequent  in  the  veins,  but  not  in  the  ore  shoots.  Closely  related 
are  copper-zinc  veins  in  the  Hualpai  Mts.,  in  granite-schist  country-rock 
with  actinolite  as  prominent  gangue  mineral.  The  universal  gangue 
is  naturally  quartz,  sometimes  with  orthoclase  and  muscovite.  Rare 
minerals  reported  from  these  deposits  are:  Arizonite,  possibly  only  a 
gadolinite,  well-crystallized  molybdite,  and  huebnerite  intergrown  with 
bismutite.  Deposits  of  this  type  are  considered  as  of  high-temperature 
origin.  Bismuth  deposits  in  the  San  Andres  Mts.,  New  Mexico,  probably 
also  belong  in  this  group,  but  are  not  decidedly  pegmatitic  in  origin. 
They  are  found  in  laminated  schist,  and  a  number  of  rare  bismuth  min- 
erals are  reported.  Ore  high  in  bismuth  has  been  stoped,  but  the  economic 
importance  of  the  occurrence  remains  to  be  proved. 

Contact'inetafnorphic  Deposits 

Deposits  of  this  nature  gave  the  start  to  a  number  of  the  greatest 
mining  centers  in  the  Southwest.  Some  of  these,  after  exhausting  the 
contact  deposits,  now  work  on  different  types  of  ore;  others  continue 
in  the  original  type.  The  mineralogy  of  the  contact-metamorphic 
deposits  is  the  most  variegated  among  the  Mesozoic  deposits  so  far  as 
gangue  minerals  are  concerned;  the  metallic  mineralization  is  uniform  and 
simple.  Both  have  been  exhaustively  described.  Exceptional  instances 
are  the  occurrence  of  bismutite  and  bismutinite  in  Organ,  New  Mex., 
in  connection  with  contact-metamorphic  copper  ores  (Memphis  mine), 
fluorite  gangue  (Bennett-Stephenson  mine),  and  intimate  intergrowth  of 
galena  and  epidote  (Modoc  mine) ;  but  the  mineralization  in  the  Organ 
Mts.  district  has  been  decidedly  inJQuenced  by  porphyritic  intrusions 
younger  (possibly  Tertiary-rhyoUtic)  than  the  main  quartz-monzonite 
which  produced  the  contact  metamorphism.  How  closely  contact  deposits 
are  interlinked  with  other  types,  and  therefore  how  unsatisfactory  are 
former  systems  of  classification,  is  shown  in  most  of  the  principal  districts. 
The  following  incomplete  list  of  districts  shows  the  prominent  forms  in 
which  the  ore  deposits  occur: 

Bisbee. — Contact  deposits,  metasomatic,  or  replacement,  and  dissemi- 
nated deposits. 

Clifton-Marenci. — Contact,  replacement,  disseminated,  and  vein 
deposits. 

Pinal  Mts.  district,  comprising  Globe,  Miami-Inspiration,  Ray, 
and  Christmas. — Contact,  replacement,  vein,  and  disseminated  deposits. 

China. — Contact,  replacement,  disseminated,  and  vein  deposits. 

Twin  Btittes. —Cont&ct,  replacement,  and  lode  deposits. 
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San  Pedro, — ^Contact  and  replacement  deposits. 

Organ  Mts, — Contact,  replacement,  and  vein  deposits. 

All  these  districts  are  principally  copper  producers.  The  only 
straight  lead  contact  deposit  is  in  the  Modoc  mine  at  Organ.  Lead-zinc 
mineralization  is  found  in  most  of  these  copper  districts,  sometimes 
important,  sometimes  so  overshadowed  by  the  copper  production  that 
it  remains  practically  unknown.  Where  lead  and  zinc  occur,  their 
ores  usually  follow  the  outer  edge  of  the  mineralized  area.  Extensive 
deposits  of  lead  or  zinc,  or  lead  and  zinc,  principally  as  replacement 
deposits,  are  known  in  Bisbee  (Copper  Queen  and  Shattuck);  Globe 
(Irene  mine),  here  also  in  veins  (Powers  Gulch);  Chino  (Hanover  and 
Vanadium);  Cananea;  San  Pedro;  Twin  Buttes;  and  Organ  Mts. 

The  distinctive  metallic  minerals  of  all  the  deposits  of  this  group  are 
pyrite  and  chalcopyrite,  frequently  bornite  in  copper  deposits,  and  galena 
and  sphalerite  in  the  lead-zinc  deposits.  Tetrahedrite  and  enargite  are 
found  in  the  veins,  but  not  often.  Gangue  minerals  are  primarily  quartz 
and  sericite ;  secondarily,  kaolin,  sericite  and  sometimes  calcite.  Hematite 
is  found  in  the  rare  deposits  which  might  be  ascribed  to  basic  mineraUzers. 
Gold  and  silver  are  low,  as  a  rule,  and  seldom  have  an  important 
bearing  on  the  value  of  these  deposits,  even  in  the  lead  mines,  where  silver 
is  normally  most  prominent.  Secondary  enrichment  of  copper  ores  is 
strongly  developed.  Chalcocite  is  the  principal  product;  covellite  is 
mentioned  from  several  places  and  I  have  seen  it  in  Bisbee,  Morenci, 
and  Twin  Buttes.  Secondary  concentration  of  the  precious  metals  is 
practically  unknown. 

The  Disseminated  Copper  Deposits 

These,  which  are  probably  the  best  tmderstood  examples  of  Mes- 
ozoic  ore  deposition,  deserve  separate  mention,  not  because  they  are 
genetically  an  independent  type,  but  simply  to  emphasize  their  charac- 
teristics in  contrast  to  those  of  the  less  understood  disseminated  copper 
deposits  of  more  recent  (Tertiary-rhyolitic)  age. 

The  basis  of  these  deposits  is  pyrite,  and  pyrite  with  a  slight  admixture 
of  chalcopyrite;  the  mineral  chalcopyrite  itself  is  rare  in  these  ores, 
although  it  occurs  at  Ray,  Ariz.  Primary  mineralizing  agencies  caused 
silicification  and  deposition  of  white  vein  quartz  and  sericite.  Primary  ore 
is  not  of  economic  grade  except  in  narrow  veins  or  feed-channels.  The  eco- 
nomic value  of  the  deposits  is*confined  to  a  horizon  of  Umited  vertical  ex- 
tent, bounded  above  by  the  oxidized  zone  and  below  by  the  primary  ore, 
and  is  the  product  of  long-continued  secondary  enrichment.  This  hori- 
zon is  defined  by  the  partial  or  complete  replacement  of  the  pyrite  by 
secondary  chalcocite.  The  outcrops  of  these  deposits  are  very  prominent ; 
the  surface  shows  rusty  discoloration,  quartz  seams,  and  copper-stained 
quartz  cliffs.    Skeleton  quartz  weathers  out  frequently  over  large  areas. 
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Below  this  is  a  leached  and  thoroughly  kaolinized  horizon,  usually  bare 
of  copper;  this  grades  into  lower  and  less  impoverished  zones,  which  have 
retained  part  of  their  copper  in  o?pdized  form,  highly  concentrated 
locally.  The  upper  part  of  the  leached  kaolinized  zone  is  usually  white. 
Iron  oxide  remains  in  the  cap-rock  and  is  found  in  veins  and  seams  in  the 
kaoUn.  Pyrite,  probably  of  secondary  origin,  but  usually  considered 
residual,  is  found  quite  frequently  immediately  above  the  chalcocit« 
horizon,  in  conjunction  with  hydrated  quartz.  The  values  are  in  the 
copper  only;  gold  and  silver  are  practically  negligible.  The  ground  is 
very  soft,  and  dilution  of  the  ore  by  mass-stoping  becomes  a  serious 
factor.  The  ore  worked  ranges  from  less  than  1  per  cent,  up  to  slightly 
over  2  per  cent,  copper. 

Considering  the  Mesozoic  deposits  as  a  whole,  what  impresses  me  most 
is  that  their  genesis,  the  pegmatitic  deposits  excepted,  must  have  been  an 
exceedingly  slow  and  long-continued  process.  While  the  first  ore  may 
have  been  formed  under  high  temperature,  deposition  continued  under 
steadily  diminishing  heat,  until  a  very  moderate  temperature  prevailed 
during  the  last  stages  of  primary  deposition.  Almost  immediately 
thereafter,  secondary  processes  began,  and  continued  active  through 
long  geological  ages.    The  present-day  aspect  is,  therefore,  very  complex. 

The  Cbnozoic  or  Tertiary  Orb  Deposits 

The  ore  deposits  of  this  period  originated  close  to  the  surface  and 
their  genesis  is  intimately  connected  with  the  volcanic  activity  which 
produced  the  great  lava  flows.  They  are  rarely  an  integral  part  of  such 
flows  (basaltic  deposits)  and  usually  originated  after  the  lava  had  con- 
solidated and  undergone  fracturing.  Still,  even  in  these  cases  the  ore 
deposition  must  have  been  compressed  into  a  very  short  time  and  while 
the  mineralizing  magma,  at  least  in  its  deeper  parts,  whence  the  metallic 
constituents  rose,  was  far  from  cooled.  Many  deposits  were  completely 
formed  before  the  next  lava  masses  were  poured  out  above  them.  Base 
metals  are  sometimes  important,  but  are  always  accompanied  by  con- 
siderable values  in  precious  metals;  by  far  the  greatest  number  of  de- 
ppsits  owe  their  importance  almost  exclusively  to  their  gold  and  silver 
contents.  Secondary  enrichment  of  base  metals  is  almost  unknown,  but 
a  secondary  concentration  of  the  precious  metals  is  found  frequently. 
The  deposition  must  have  proceeded  rapidly  and  under  active  volcanic 
conditions.  This  is  one  reason  why  I  cannot  fully  accept  Lindgren's 
argument  for  the  moderate-temperature  origin  of  these  ores;  most  of  the 
accompanying  gangue  minerals  are  stabile  over  a  very  wide  range  of 
temperature. 

Three  types  of  deposit  are  clearly  distinguishable,  differing  in  age, 
origin,  and  characteristics:  the  basaltic,  the  andesitic  and  the  rhyolitic. 
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Representatives  of  these  types  cover  a  much  larger  territory  than  the 
Mesozoic  deposits  and^  while  their  present  importance  does  not  equal 
that  of  the  older  group,  their  prospective  possibilities  are  very  great. 
In  the  early  mining  days  in  the  Southwest,  their  importance  was  pre- 
eminent, but  the  old  bonanzas  have  been  worked  out,  and  the  abandoned 
mines  are  now  mostly  inaccessible.  Most  of  the  prospects  seen  in  the 
ordinary  run  of  field  work  belong  in  these  groups. 

Baaaliic  Ore  Deposits 

These  are  the  youngest  and  the  least  important  of  the  Tertiary 
deposits.  They  really  are  of  geological  importance  only,  not  of  economic 
value.  I  have  seen  only  a  few  representatives  of  this  group,  mostly 
in  New  Mexico,  near  Steeple  Rock,  Grant  County,  and  near  Bland,  San- 
doval county.  Large  areas  of  basaltic  copper  deposits  are  reported  from 
the  MogoUon  Plateau,  from  which  I  have  seen  specimens. 

The  primary  mineralization  consists  of  nuggets  and  flakes  of  native 
copper,  imbedded  in  usually  vesicular,  basaltic  lavas.  The  vesicles  are 
either  filled  with  chalcedony  and  quartz,  or  are  empty  and  lined  with  a 
greenish  mineral,  an  iron  compound  (probably  kraurite)  which  is  fre- 
quently mistaken  for  impure  chrysocolla.  This  type  of  deposit  can  assume 
economic  importance  only  in  exceptional  circumstances,  such  as  secondary 
concentration  in  gash  veins;  here,  chrysocolla  and  malachite,  subordi- 
nately  azurite,  cuprite,  native  copper,  or  even  chalcocite  are  formed. 
Calcite  is  the  principal  gangue.    The  veins  give  out  at  shallow  depth. 

Andesitic  Deposits 

Andesitic  deposits  are  found,  in  conjunction  with  rhyolitic,  over 
the  entire  area  under  discussion,  from  the  Colorado  line  into  southern 
Sonera,  and  from  Texas  into  California.  Very  frequently,  both  types 
are  represented  in  the  same  general  district,  but  many  districts  belong 
distinctly  to  one  type  to  the  exclusion  of  the  other. 

Andesitic  deposits  are  usually  connected  with  fracturing  in  N.  60^ 
W.  and  N.  20°  W.  directions.  The  fracturing  seems  practically  contempo- 
raneous and  the  veins  frequently  drag 'one  another,  producing  intermediate 
directions.  Intersection  points  and  dragged  sections  are  loci  for  ore 
fihoots.  The  andesite  is  often  metamorphosed  to  semi-schistose  struc- 
ture in  the  ore-bearing  areas,  but  usually  can  be  traced  back  to  fresh 
and  unaltered  dikes. 

Prominent  districts  representing  this  type  are :  The  "Parker  Cut-off" 
country  in  Yuma  county,  Ariz.,  and  San  Bernardino  and  Riverside  coun- 
ties, CaL;    the  lead-zinc   belt   near  Kingman  and  Chloride,  Mojave 

county,  Ariz.;  the  Casa  Grande  section  in  Pima  and  Pinal  counties, 
11 
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Ariz.;  the  Tularosa  country  in  Otero  county,  New  Mex.,  and  others. 
I  believe  that  most  of  the  copper  deposits  in  the  Red  Beds  in  New  Mexico 
derive  their  metallic  minerals  from  andesitic  sources. 

Important  mines  of  this  type  are:  the  Tennessee,  near  Chloride; 
the  Golconda,  in  Union  Basin,  near  Kingman;  the  Clara  Consolidated, 
near  Swansea,  Yuma  county;  and  the  Planet  mine,  a  httle  tarther  west 
on  the  Bill  WilUams  River;  the  famous  Monte  Christo  mine,  near  Wick- 
enburg;  and  the  Lakeshore  mine  near  Casa  Grande. 

Gangue  minerals  are:  hematite,  chlorite,  baryte,  frequently  calcite 
and  dolomite.  Quartz  is  subordinate;  where  found,  it  is  often  very  re- 
cent. Fluorite  is  rare.  Kaolinization  and  sericitization  occur,  but  are 
not  nearly  so  important  or  conspicuous  as  in  the  Mesozoic  deposits. 
Serpentinization  and  propylitization  are  important.  Kaolinization,  if 
found,  is  usually  accompanied  by  deposition  of  chalcedony  in  roughly 
banded  structure.  Copper,  while  often  important,  is  never  so  predomi- 
nant as  in  the  Mesozoic  deposits.  Many  districts  are  prevailingly  lead- 
zinc  producers.  Gold  and  silver  are  always  present  in  economically 
important  quantities,  and  may  become  the  main  object  of  mining, 
always  accompanied  by  base-metal  values. 

The  mineralogy  of  these  deposits  is  variegated  and  interesting.  It 
comprises,  besides  the  sulphides  of  the  base  metals  and  their  oxidation 
products,  the  sulph-arsenides,  sulph-antimonides  and  sulphides  of 
silver,  with  their  derivatives.  Beautiful  specimens  of  flaky,  or  even 
crystallized,  free  gold  have  been  found,  sometimes  intergrown  with 
hematite  or  calcite. 

The  andesitic  deposits  frequently  have  very  conspicuous  out-crops. 
The  neighborhood  of  the  Planet  mine,  in  Yuma  county,  for  example, 
shows  some  of  the  most  wonderful  outcrops  to  be  found  anywhere,  being 
actual  mountains  of  hematite  and  limonite,  stained  green  by  the  salts  of 
copper.  In  other  places,  outcrops  are  marked  by  the  bleaching  of  nor- 
mally purplish  andesite.  Here,  high-grade  oxidized  copper  ore  is  not 
an  exception  close  to  the  surface,  underlain  by  barren,  partly  kaolinized 
andesite.  As  a  general  rule,  copper  ore  and  copper  stain  at  and  near  the 
surface  have  led  to  the  prospecting  and  discovery  of  many  mines,  which 
ultimately  were  found  to  contain  copper  only  as  a  negligible  accessory. 
Some  outcrops  are  misleading;  there  are  wide  areas  of  copper-stained 
andesite,  which  have  even  been  considered  worth  testing  by  churn- 
drilling,  but  have  been  found  to  contain  only  tight  and  narrow  veins 
below.  Many  an  outcrop,  standing  out  as  an  imposing  reef,  covers 
insignificant  and  unremunerative  veins;  while,  on  the  other  hand,  very 
inconspicuous  croppings  hide  some  of  the  biggest  orebodies.  This  is 
especially  true  where  chlorite  is  the  main  gangue  mineral.  Chloritization 
and  propylitization  are  the  safest  indicators  of  deep-seated  mineraliza- 
tion; hematite,  while  attractive  and  conspicuous,  is  not  always  reliable. 
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The  Rhyolitic  Deposits 

The  rhyolitic  deposits  comprise  a  wide  variety  of  both  precious  and 
base-metal  orebodies.    Some  of  the  most  important  representatives  are: 

Tombstone,  Ariz. — Silver  and  gold  derived  from  tellurides  and  sulpho- 
salts;  also  combined  in  the  sulphides  of  lead,  zinc,  and  copper.  Alabandite 
is  found;  quartz  and  fluorite  are  prominent  gangue  minerals. 

PrescoU  and  Vicinity ,  Ariz. — Chalcopyrite  and  pyrite,  seldom  bornite, 
with  quartz  and  orthoclase,  and  such  carbonates  as  dolomite  and  ankerite. 

Crown  King,  Ariz, — Sphalerite,  galena,  and  pyrite,  with  very  little 
chalcopyrite,  in  quartz-carbonate  gangue;  high  silver  values  are  probably 
due  to  admixture  of  sulph-antimonides. 

Oatmanf  Ariz. — Free  gold,  with  practically  no  base  metals,  in  calcite 
and  chalcedony  gangue.    Adularia  is  a  frequent  gangue  mineral. 

MogoUonj  New  Mex. — Argentite,  finely  impregnating  quartz,  accom- 
panied by  gold  in  some  form,  and  sometimes  associated  with  bornite  and 
chalcopyrite.    Fluorite  and  carbonate  minerals  are  the  gangue. 

Blade  Range,  New  Mex. — ^Bornite  and  tetrahedrite,  with  high-grade 
silver  minerals,  like  argentite  and  stephanite,  in  quartz-fluorite-carbonate 
gangue.  Cuproplombite  is  reported  from  here,  and  I  found  crystallized 
bornite. 

Nacozari,  Sonora,  is  a  prominent  example  of  the  rhyolitic  ore  deposits; 
and  the  Patagonia-Nogales  country  furnishes  more  representatives. 

Most  of  thes^  rhyolitic  deposits  owe  their  origin  to  volcanic  disturb- 
ances, far  more  violent  and  abrupt  than  those  connected  with  the  pre- 
viously described  deposits.  Brecciation  is  usually  very  pronounced  and 
in  many  cases  has  been  repeated  at  least  once.  Ore  deposition  began 
apparently  under  high  temperature,  but  probably  not  high  pressure,  and 
continued  through  periods  of  diminishing  temperature.  The  fracturing 
is  north-south  and  east-west,  usually  a  little  east  of  north  and  north 
of  east.  Ore  shoots  are  almost  universally  due  to  intersections,  and 
very  seldom  to  a  single  factor. 

Gangue  minerals  are:  Quartz  and  chalcedony,  often  replacing  older 
carbonate  gangue  minerals.  Carbonates,  like  dolomite,  ankerite, 
rhodochrosite;  seldom  siderite.  Calcite  is  among  the  first  (pre-mineral) 
as  well  as  among  the  last  (post-mineral)  depositions.  Fluorite  is  very 
frequent;  baryte  rather  rare.  Zeolites  are  typical,  especially  stilbite; 
orthoclase  or  adularia,  often  in  well  defined  crystals,  and  rhodonite  are 
common.  Molybdenite,  usually  in  large  flakes  or  even  sharp  crystals, 
is  a  conmion  metallic  associate;  nepheUte  has  been  found,  and  zinnwaldite 
and  other  rare  micaceous  minerals,  as  well  as  amphiboles,  sometimes 
occur. 

The  metallic  minerals  comprise  most  of  the  sulpho-salts  of  both  pre- 
cious and  base  metals  and  their  alteration  products.    High-grade  silver 
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minerals  frequently  seem  associated  with  amethyst,  the  latter  being 
a  good  indicator. 

In  Santa  Cruz  county,  Ariz.,  I  found  a  type  of  deposit  which  I  believe 
has  not  been  described.  It  is  characterized  by  the  somewhat  rare  micace- 
ous mineral  zinnwaldite  (silvery  white,  lithia-bearing  and  crystallizing 
in  rosette-«haped  crystals).  The  zinnwaldite  occurs  in  masses  of  crys- 
talline aggregates  as  well  as  in  well  defined  columnar  crystals.  Some- 
times it  forms  narrow  ribbons  in  veins  of  banded  structure.  It  is 
always  closely  associated  with  metaUic  sulphides  (chalcopyrite  prin- 
cipally) and  sometimes  with  rutile,  both  massive  and  in  splendid  ciystals. 
The  coimtry-rock  is  the  younger  quartz-monzonite. 

In  another  place  in  this  same  vicinity,  I  found  a  vein  in  the  monzonite 
which  had,  besides  zinnwaldite  and  coarsely  crystalline  molybdenite,  an 
intimate  mixture  of  magnetite,  apatite,  pyrite,  and  chalcopyrite. 

Many  deposits  of  this  period  are  pockety,  but  some  mines  have  devel- 
oped large  and  persistent  ore  shoots.  Sudden  changes  are  the  rule, 
unexpected  swelling  or  pinching,  and  fabulously  rich  bonanzas  surrounded 
on  all  sides  by  poor  and  weak  vein  sections. 

The  disseminated  copper  deposits  of  rhyolitic  age  are  sure  to  become 
important.  Nacozari,  Sonora,  is  the  principal  representative,  followed 
by  Red  Mountain,  near  Nogales,  and  Copper  Basin,  near  Prescott,  Ariz. 
Possibly  Ajo,  Ariz.,  belongs  in  this  group,  but  I  am  not  familiar  with  the 
latter  district.  The  ore  is  found  in  fractured  and  brecciated  rock,  rich 
ore  occurring  in  the  breccia  zones.  Metallic  sulphides  have  pervaded 
the  rock  generally  along  narrow  cracks  and  fissures,  and  as  impregnations. 
The  country-rock  is  generally  acid  (quartz-porphyry  to  quart*- 
monzonite) .  Mineralization  begins  with  silicification,  closely  followed  by 
pyritization,  these  processes  often  being  duplicated.  Toward  the  end  of 
the  first  period  of  pyritization  and  during  the  second  period,  chalcopyrite 
is  deposited.  Molybdenite  is  a  frequent  accessory,  and  carbonate 
minerals,  zeolites,  orthoclase  or  adularia,  form  the  principal  gangue, 
besides  the  more  conspicuous  quartz.  Amphibole,  rare  micas,  and 
nephelite  are  found  occasionally. 

The  ore  is  strictly  primary;  secondary  enrichment  (chalcocitization) 
is  practically  unknown.  The  copper  is  mostly  deposited  as  a  very  pure 
chalcopyrite,  sometimes  with  bornite,  but  is  also  occluded  microscop- 
ically in  the  pyrite.  Gold  and  silver  are  always  present  in  economically 
important  quantities.  The  sulphide  remains  unaffected  by  oxidation 
close  to,  and  even  at,  the  surface.  Superficial  indications  commensurate 
with  those  of  the  Mesozoic  "porphyries"  are  the  exception.  Secondary 
rock  alteration  is  confined  to  a  shallow  belt  near  the  surface,  and  along 
prominent  fissures;  elsewhere  the  rock  remains  hard  and  fresh. 

The  grade  is  rather  low,  but  I  feel  confident  that  these  deposits  will 
prove  economically  valuable  in  the  near  future.     At  this  time,  dis- 
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geminated  ore  of  1  per  cent.  Cu,  and  less,  without  accessory  gold  and 
aflver,  is  treated  in  some  of  the  older  "porphyries,"  a  grade  far  below  that 
of  some  of  these  rhyolitic  deposits. 

The  Jbromb  District 

My  previous  omission  of  the  Jerome  district  has  been  intentional; 
because  I  have  not  enough  data  from  my  own  observation  to  define  the 
age  of  these  deposits.  Generally,  the  ore  at  Jerome  is  considered  very 
old.  F.  L.  Ransome  apparently  considers  it  pre-Cambrian,  because  he 
mentions  eroded  pyritic  deposits  in  the  basal  schist  as  the  probable 
source  of  the  ferruginous  coloring  in  the  pre-Cambrian  Tapeats  sandstone. 
This  view  is  supported/by  the  appearance  of  the  600-f  t.  level  of  the  United 
Verde  Extension,  where  the  Paleozoic  sediments  seem  to  rest  upon  an 
eroded  schist  surface,  containing  remnants  of  an  oxidized  orebody. 
Still,  this  evidence  does  not  seem  conclusive  to  me,  because  the  oxidized 
ore  here  might  possibly  be  a  later  deposition,  derived  from  mineralized 
surface  waters,  which  found  a  ready  precipitant  along  this  contact. 

The  fact  stands  out  preeminently  that  the  pyritic  deposits  in  the 
schist  have  escaped  the  metamorphism  undergone  by  the  country-rock. 
They  do  not  show  any  stratification  or  lamination,  and  are  therefore 
later  than  the  metamorphism,  which  formed  schist  out  of  the  original 
basic  and  semi-basic  volcanic  rocks. 

While  no  ore  has  been  found  in  the  Paleozoic  sediments  overlying  the 
schist,  a  strong  contact  metamorphism  and  some  indication  of  minerali- 
zation are  noticeable  on  the  south  side  of  the  Black  Hills,  on  whose  north 
slope  Jerome  is  situated,  and  this  contact  metamorphism  is  closely  con- 
nected with  minor  ore  deposits,  identical  in  type  with  the  Jerome  ore. 

In  the  United  Verde  Extension,  the  ore  is  found  in  veins  striking 
N.  10°  to  20°  E.,  but  the  bonanza  orebody  is  at  the  intersection  of 
such  veins  with  a  northwest-southeast  cross-vein,  or  fault.  This  fault 
seems  to  have  had  a  decided  influence  upon  the  mineralization,  and  the 
fault  material  suggests  derivation  from  semi-basic  intrusive  rocks.  From 
the  information  available  at  present,  I  would  hesitate  to  state  the  age  of 
the  Jerome  deposit,  but  am  inclined  to  believe  that  it  is  much  younger 
than  usually  assumed. 

Future  of  the  Southwest  Mining  Industry 

As  to  the  outlook  for  the  mining  industry  in  its  relation  to  the  three 
great  groups  of  ore  deposits,  I  venture  the  prediction  that  very  few  new 
mines  of  Mesozoic  origin  will  be  found  in  the  Southwest.  Those  that 
will  come  into  prominence  eventually  will  be  mines  known  today,  but 
enhanced  in  value  by  the  progress  of  mining  and  metallurgy,  or  extensions 
of  known  and  operating  districts,  or  new  deposits,  discovered  by  accident. 
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The  Tertiary  deposits,  on  the  other  hand,  are  by  no  means  developed 
to  their  full  capacity.  I  look  for  many  mines  of  andesitic  origin  and  even 
more  of  rhyolitic  derivation  to  become  prominent  in  the  near  future. 
Still,  very  few  of  these  will  compare  in  size  and  richness  with  the  great 
Mesozoic  mines,  so  far  as  base  metals  are  concerned.  This  seems  to  be 
in  keeping  with  the  general  trend  of  recent  development  in  the  mining 
industry  here,  where  great  mines  are  more  and  more  concentrated  in  the 
hands  of  a  few  big  companies,  while  beside  them  has  sprung  up  a  healthy 
undergrowth  of  small  operators.  The  small  mine  and  the  combination 
of  small  mines  seem  to  be  destined  for  increasing  importance. 

Prospecting  of  the  old  days  is  dead.  How  closely  the  whole  country 
has  been  searched  is  brought  home,  time  and  again,  when  in  places  where 
hardly  a  rattlesnake  could  live,  and  where  there  is  no  indication  of  human 
habitation  for  miles  around,  remnants  of  old  workings  and  prospect  holes 
are  found.  Good  discoveries  are  still  made  quite  frequently,  but  as  the 
result,  usually,  of  highly  inteUigent  development  work.  It  is  regrettable 
that,  on  the  one  hand,  the  big  companies  do  not  more  frequently  develop 
small  but  promising  prospects  while,,  on  the  other,  no  safer  and  more 
business-like  method  of  development  appeals  to  the  public  at  large  than 
the  floating  of  1,000,000-share  development  companies. 


TRANBACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[BPBJBOT  TO  RBVISION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ihould  preferably  be  presented  in  person  at  the 
New  Tork  meetinc,  February,  1919,  when  an  abstract  of  the  paper  will  be  rMd.  If  this  is  impossible, 
then  disoussion  in  writinc  may  be  sent  to  the  Editor,  Amerioan  Institute  of  Minins  Encineers,  29  West 
39th  Street,  New  York,  N.  z.,  for  presentation  by  the  Secretary  or  other  reprssentative  of  its  author. 
Unle«  speeial  arrancement  is  made,  the  diseussion  of  this  PH>er  will  dose  Apr.  1, 1919.  Any  discussion 
offered  uiereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Cement  Plugging  for  Exclusion  of  Bottom  Water  in  the  Augusta  Field, 

Kansas 

BY   H.    R.    8HIDEL,*  AUGUSTA,    KANB. 
(New  York  Meeting.  February.  1919) 

This  paper  summarizes  the  results  obtained  from  the  preliminary 
cementing  of  wells  in  an  effort  to  cut  off  the  bottom  water.  The  object 
of  this  work  was  two-fold : 

(1)  To  prevent  the  oil  sand  from  becoming  flooded. 

(2)  To  plug  off  bottom  water,  thereby  preserving  the  individual  well 
and  reclaiming  production. 

Valuable  suggestions  and  help  have  been  given  by  the  following 
named:  Messrs.  Kyle  and  La  Velle,  of  the  U.  S.  Bureau  of  Mines;  Mag- 
nolia Petroleum  Co. ;  Freed  Oil  and  Gas  Co.  The  cementing  work  was 
carried  out  under  the  personal  supervision  of  L.  J.  Snyder. 

In  an  unpubUshed  paper  on  the  "Water  Problem  in  the  Augusta 
Field,"  S.  K.  Clark  reaches  the  following  conclusions: 

(1)  That  the  great  amount  of  water  present  is  bottom  water,  occurring 
in  the  Varner  sand,  the  main  producing  or  the  2500-ft.  horizon. 

(2)  That  the  only  striking  connection  between  structure  and  water  is 
in  the  area  of  the  marked  fault  on  the  Ralston,  E.  C.  Varner,  and  F. 
Vamer  leases  in  sections  8,  9,  16  and  17. 

(3)  That  the  oil  occurs  in  porous  streaks,  generally  separated  by  fine- 
grained, well  cemented  sand,  which  is  barren.  Possibly  two  or  three 
such  pay  streaks  may  be  found.  That  under  a  pay,  fine-grained  sand 
occurs,  which  is  presumably  barren  at  the  time  of  drilling,  but  soon  re- 
veals water. 

The  writer  takes  partial  exception  to  the  last  point,  because  well 
defined  shale,  slate,  lime,  or  hard  sand  breaks  have  been  encountered  in  a 
great  many  cases,  separating  the  pay  streaks  under  which  water  is  often 
found.  This  is  not  an  invariable  occurrence,  as  cases  have  been  noted 
when  the  oil  has  been  followed  immediately  by  water  in  the  same  stratum. 

In  an  effort  to  overcome  the  water  menace,  the  following  methods  of 
plugging  were  tried: 

(1)  Plugging  with  wood,  lead,  and  Umit  plugs. 

(2)  Plugging  with  sand  pumpings. 

*  Resident  Geologist,  Empire  Gas  and  Fuel  Co. 
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(3)  Mudding  the  ssnd,  removing  the  packer,  and  driving  a  limit  plug. 

(4)  Cementing. 

A  few  variations  of  the  laat  process  will  be  discuBsed  on  the  following 
pages.     The  success  obtained  by  the  above  methods  has  been  variable. 
In  some  places  the  plugging  has  been  remark- 
M  ably  successful  temporarily,  as  in  the  early  efforts 

y  on  wells  of  the  Penley  lease.     In  a  few  instances, 

as  Brown  No.  4,  Sec.  16,  the  plugging  was  de- 
cidedly effective  in  improvingboth  the  cemented 
well  and  the  surrounding  ones. 

MoYLE  No.  4,  Sec.  10 

This  well  produced  a  large  percentage  of 
water  for  some  time.  A  limit  plug  was  driven 
at  the  bottom  of  the  well  but  proved  unsatisfa^ 
tory.  In  driving  the  plug  through  the  shale- 
lime  break  much  material  was  broken  off,  thus 
forming  an  imperfect  seal.  It  was  then  decided 
to  cement.  A  trip  bailer  was  constructed 
(Fig.  1)  and  enough  cement  was  put  in  the 
well  to  fill  it  to  the  top  of  the  break.  This 
cementing  sealed  the  hole  with  material  having 
practically  the  same  character  as  the  shale-lime 
formation. 

The   cement  was  allowed  ample  time  {H 

days)  to  set  before  the  well  was  pumped.    The 

results  of  this  test  were  satisfactory,  as  can  be 

.„    „      ,      seen  from  the  relative  percentages  of  oil,  B.  S., 
« nmnpliv  Afta  Damplns  ,.     ,  ,     ,  ,- 

I.  1.— Detail  op  tmp    ^""  water  produced  before  and  after  cementing 
BMi^n.  (Table  1). 

Table  l.—Moyle  No.  4,  Sec.  10 


Beto 

e    Cemmtin 

Aft«  Cemsatini 

Dtl* 

OU 

B.S. 

1  Wmler 

°- 

OU   1  B.a  Jw.w. 

Apr.  19,  1917. ... 

32 
8 

17 
23 

Well  cen 

7 
3 
0 
1 
0 
enled. 

i     60 

65 
S4 

82 
77 

1 

Jan.  9,  1918 

94 
98 
98 

2      1    4 

Aug 

Mar.  21 

l.S      0.5 

1      j 
0.5 

Nov 

June  7 

June  20 

100 
99.5 
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Brant  No.  3,  Sec.  2,  Twp.  28S.,  R.  4  E. 

The  cementing  of  this  well  proved  so  unsatisfactory  that  it  was  drilled 
out  and  re-cemented.  Drilling  out  and  cementing  was  done  three  times 
during  one  week.  Other  methods  were  tried,  in  an  effort  to  shut  off 
bottom  water  temporarily.  A  packer  was  placed  but  failed  to  work, 
although  sufficient  mud  had  been  forced  in  to  shut  off  the  water.  The 
cement  was  then  put  in  on  top  of  the  mud  and  a  limit  plug  was  driven 


^       Top  of  Sand 


Saoo  Oil  in  Bole 

Top  of  Flog 
tiOo'oiI  In  floU 


-    HoI«  Fall  of  Oil 


—  -    Flowing  SO  Bbl. 


Top  of  4  8 halo  Break 
Total  Depth.   Hole  Fall  Oil 


A  Little  Water 

Fio.  2. — Bbant  No.  3.    Cement,  limit  plugs  and  character  of  sand  when 

DRILLING  IN. 


into  it;  a  second  limit  plug  was  then  driven  on  top  of  the  first.  This  job 
has  been  successfid,  as  shown  by  the  behavior  of  the  well  before  and 
after  (Table  2). 

Table  2.— Brant  No.  3,  Sec.  2 


Before  Cementing 


Date 


OU 


B.  S. 


After  Cementing 


Water 


Date 


OU 


B.  S. 


Apr.,  1917 

May 

Sept 

Oct 


Water 


Nov 

Jan.  22,  1918. 


18 

19 

9 

15 

11 


80 
77 
91 

85 

89 


Plugged  with  cement. 


Feb.  21,  1918. 

Feb.  23 

Feb.  25 

Apr.  19 


May  17. 
May  23 . 
June  20 . 


20 
16 
8.1 


80 
84 
91 


Well  cemented 
again. 


44 
70 
80 


4 
25 
14 


52 
5.0* 
6 


*  Average  of  10-min.  tests. 
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Scully  No.  6,  Sec.  28 

This  well  was  cemented  to  the  top  of  a  shale  break  and  a  limit 
plug  was  driven  in  the  top  of  the  green  cement.  The  well  was  put  to 
pumping,  three  days  after  cementing,  with  unsatisfactory  results.  The 
relative  percentage  of  oil,  B.  S.,  and  water  were  as  shown  in  Table  3. 


Table  3.— Scully  No.  6,  Sec.  28 


Before   Cementing 


Date 


oa 


B.S. 


Aug.  4,  1917 :       3         1       .. 

Sept.  21 5 

Oct.  15 

Feb.  8,  1918 •  . 

Mar.  25 Well  cemented. 


Water 


97 

95 

100 

100 


After  Cementing 


Date 


Oil        B.  S. 


Mar.  29 50 

Apr.  4 24 

Apr.  18 10 

May  16 4 

May  31 3 

June  20 2 


50 
73 
90 
96 
97 
98 


The  results  point  conclusively  to  the  fact  that  14  days  should  be 
allowed  for  the  cement  to  set. 

Scully  No.  9,  Sec.  28 

The  same  procedure  was  again  followed  in  this  well,  which  started 
to  pump  water  before  the  flow  of  oil.  At  first  the  well  flowed  at  the  rate 
of  500  bbl.  per  day,  but  gradually  diminished;  the  average  production 


r 


■3581— 


2690- 


CO 

M      2594' I 

V  S9064'- 

i        2697- 

I        2698' — I 

T   «WB" 


Top  of  Sand 


_  Set  Liaer.  MO  0!l 

Saoo'  Oil  before  DrllllBg  Thra.  Break 
Top  of  Light  Shale  Break 
Top  of  Cement 
Bottom  of  Break 
_  Show  of  Water    , 
Total  Depth,  awo  Fluid  in  Hole 


Fig.  3. — Moyle  No.  23.     Cement  and  character  of  sand  when  drilung  in. 

during  60  days  was  75  bbl.     The  well  is  now  pumping  about   three 
times  as  much  water  as  oil. 


Moyle  No.  23,  Sec.  10 

A  good  top  pay  was  encountered  (Fig.  3),  followed  by  a  shale  break 
under  which  was  water.  The  well  was  then  cemented  to  2595.5  ft., 
but  this  work  proved  unsuccessful,  as  the  well  has  produced  a  high  per- 
centage of  water  since  cementing.     After  testing,  the  cement  was  proved 
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to  be  of  a  poor  grade,  so  that  this  work  has  to  be  done  over.    Since 
cementing,  the  well  has  produced  about  40  per  cent,  of  oil. 

Cunningham  No.  6,  Sec.  16 

This  well  was  cemented  April  1,  1918,  the  top  of  the  cement  being  at 
2491  ft.     The  results  are  shown  in  Table  4. 

Table  4. — Cunningham  No.  6,  Sec.  16 


Before  Cementing 


Date 


Sept.  5,  1917. 

Oct.  31 

Jan.  17,  1918 
Mar.  14 


OU 

3 
3 

•  •  • 

11 


B.  S. 


Water 

!  97 

97 

100 

!  89 


After  Cementing 


Date 


Oil      '  B.S. 


Apr.  25,  1918....   75 

May  7 79.6 

May  15 97 

June  1 81 

June  13 84.5 


3.2 
2 

12.6 
1.0 


Water 


25 
17.2 

1 

6.5 
14.5 


T 

i 


■4498— 


t 


-urn- 


3480  — 


2490. 
2401' 

s 

'       asoo 


i 


• 

i 


2B10 


2626 


Soft  White  Slate 

Top  of  Sand.   Slight  «how 


Hard  Dark  Band. 

Soft  Broken  Sand 
Top  of  Cement 
'oil  In  0  Hr. 


Total  Depth 


Fig.  4. — Cunningham  No.  6.    Cement 
a?fd  character  or  sand  when  drilling 

IX- 


2482 


Lluer^Set 
2485' 

I 

I 

I 


3486^1 

2489 '_ 

2492' 


3404   — 

2408*. 
2600^'. 

280S' 


— '—' 


Top  of  Sand 


1200' Oil  In  Hole 

Top  uf  2H  Break 
Top  of  a'Ooaree  Sand 

Top  of  2  Lime  Break 
^Top  of  Cement 


Top  of  2M  Black  Shale  Break 
iiS|_   Top  of  Second  Pay  200  Bbl. 

Total  Depth   ohowlng  Water 


Fig.  5. — Scully  No.  10.     Cement  and 
character  op  band  when    drilling 

IN. 


Scully  No.  10,  Sec.  9 

Two  pays  were  encountered,  which  were  separated  by  distinct  breaks 
(Fig.  5).  The  second  pay  showed  a  little  water  at  the  time  of  drilling. 
Six  days  later,  one  sample  gave  100  per  cent,  water  while  an  average  of 
an  8-hr.  sampling  tested  72.4  per  cent,  water.  This  well  was  cemented 
to  shut  oflF  the  bottom  pay,  and  since  then  has  produced  very  satisfac- 
torily, as  shown  in  Table  5,  yielding  3  to  5  bbl.  of  oil  per  hour. 
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Table  5.— Scully  No.  10,  Sec.  9 


Before  Cementing 


Pate 


OU 


B.  8. 


Water 


After  Cementing 


Date 


oa 


B.  S.  'Water 


0.75 
1.9 
0.8 
0.6 

1.1 
1.5 


Mar.  26,  1918. . . . 

Mar.  25 

Apr.  10 


26.6 


1.0 


Well  cemented. 


72.4* 
100 


May  1,  1918. 
May  2 

m 

May  4 

May  6 

May  7 

June  12 

June  19 

July  1 


99 

1 

98.5 

0.75 

95.1 

3.0 

98.3 

0.9 

97.8 

1.6 

100 

98.9 

98.5 

'Average  of  8-hr.  testing. 

Miller  No.  7,  Sec.  2 

It  was  decided  to  mud  the  sand  before  cementing.     A  packer  was 
placed  and  a  pressure  of  500  to  600  lb.  was  applied  continuously  for  three 


JBO. 


11  Top  of  Sand.   Hole  Fall  OH 


Top  of  4  Hard  White  Break 
Top  of  Limit  Flag 


Bottom  of  Break 
Top  of  Oement 


_Top  of  Mod 


Second  Pay.   Oil  Banmliig  over 
Total  Depth.  Flowing  8  Bbla.per  Er. 


Fig.  6. — Miller  No.  7.    Cement,  limit  plug  and  characteb  of  band  wmuB 

DRILUNO  IN. 

days.  A  limit  plug  was  driven  in,  but  did  not  hold.  One-fourth  sack 
of  cement  was  then  put  in,  and  a  limit  plug  was  driven  in  it  (Fig.  6). 
The  well  was  allowed  to  stand  for  a  while  and  was  then  pumped.  The 
results  before  and  after  were  as  shown  in  Table  6. 

The  results  of  the  cementing  of  the  13  wells  were  as  follows: 

1.  Six  were  very  successful,  in  that  the  water  was  shut  off  in  the  well 
itself  and  production  was  reclaimed. 

2.  Four  were  successful,  in  that  the  percentage  of  water  produced  was 
decreased.    One  of  this  number  is  to  be  cleaned  out  and  re-cemented. 
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Table  6.— Aftlfer  No.  7.  Sec.  2 


Before  Cementing 


Date 


OU 


B.  B. 


May,  1917 

Aug.  10 

Septs 

Oct.  13 

Nov.  6 

Jan.  19,  1918.... 

Feb.  8 

Mar.  11 


After  Cementins 


Date 


OU 


B.  8. 


31 

16 

53 

10 

1    89 

8 

92 

9 

91 

5 

95 

7 

93 

13 

87 
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Mar.  25 
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96 

2 

29 

37 

56 

42 

83 

16 

84 

16 

91 

8 

82 
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74 

25 
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0 

62.0 

32 

May  23 54.0  :  46 
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34 

2 

0.5 
0 
1 

0.5 
1 

0.5 
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3.  One  was  successful,  in  that,  while  the  well  continued  to  produce 
water,  it  also  produced  an  average  of  75  bbl.  per  day  for  two  months. 
It  was  producing  no  oil  before  cementing. 

4.  In  one  well,  oil  and  water  were  plugged  ofiF,  and  when  an  efifort  was 
made  to  drill  out  the  cement  a  stropg  flow  of  water  was  encountered. 
The  sand  was  so  flooded  that  it  was  decided  to  abandon  the  well.  The 
cementing  of  this  well  caused  an  increase  of  production  in  the  nearby 
wells. 

5.  One  was  successful,  in  that  the  amount  of  water  produced  was  di- 
minished to  a  few  barrels,  and  an  offsetting  well  began  producing  oil. 

6.  Four  of  the  wells  cemented  did  not  give  satisfactory  results,  as 
the  proportions  of  oil  and  water  produced  were  practically  unchanged. 
These  wells  are  to  be  abandoned  as  non-productive,  after  it  is  proved 
that  the  sand  is  flooded. 

7.  One  was  a  complete  failure.  The  cement  was  drilled  out  and  the 
second  operation  was  very  encouraging,  as  an  increase  of  production  was 
noted.    This  well  is  to  have  more  work  done  on  it. 

8.  One  well  was  cemented  so  high  that  it  has  to  be  drilled  out  and  tested. 

9.  One  well  was  proved  to  be  no  longer  productive,  and  is  to  be 
abandoned. 

Nine  wells  have  not  been  tested  as  yet. 

Preliminary  attempts  to  shut  off  the  bottom  water  by  cementing 
have  been  successful  in  most  cases.  There  are  certain  disadvantages 
to  be  considered,  although  they  are  generally  overbalanced  by  the 
advantage. 

Disadvantages  of  Cementing 

I 

1.  The  process  may  cement  oil  sand  as  well  as  the  water. 

2.  The  well  has  to  be  shut  down  10  or  14  days. 
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3.  The  cement  has  to  be  carefully  tested  for  setting  qualities. 

4.  If  but  a  few  feet  of  sand  are  to  be  cemented,  generally  some  means 
have  to  be  taken  to  keep  the  cement  from  being  agitated.  Driving  a 
temporary  plug  and  mudding  the  sand  have  been  tried. 

Advantages  of  Cementing 

1.  The  cement  assumes  the  same  shape  as  hole;  it  does  not  leave 
cavities. 

2.  There  is  no  pounding  or  jarring,  thus  preventing  shattering  of 
the  sand. 

3.  The  cement  can  be  partially  or  entirely  drilled  out  if  unsatisfac- 
tory.    Cement  drills  about  the  same  as  a  lime  formation. 

4.  When  pressure  is  applied  the  cement  will  penetrate  the  sand  and 
seal  it. 

5.  The  amount  of  cement  to  be  placed  can  be  carefully  gaged.  One 
sack  of  cement  fills  7  ft.  iTi  a  5K6"iii-  J^ole  and  5J^  ft.  in  a  6%-in.  hole. 

It  is  estimated  that  to  clean  out  and  cement  a  well  costs  $600.  In 
all  of  the  successful  cases,  this  cost  was  returned  in  a  few  days.  The  wells 
in  which  production  was  not  reclaimed  showed  sufficient  evidence  to  war- 
rant abandoning;  all  casing  and  other  equipment  could  then  be  removed. 
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Water  Troubles  in  the  Mid-Continent  Oil  Fields,  and  their 

Remedies 

BT  DORSET  HAQER*  AND  G.  W.  MCPHEBSON,  f  TULSA,  OKLA. 

(New  York  Meeting,  February,  1919) 

The  rapid  increase  of  water  troubles  in  the  Mid-Continent  oil  fields 
is  causing  much  alarm.  Troubles  occur  at  Towanda,  Eldorado,  Augusta, 
Gushing,  Blackwell,  and  Healdton,  although  they  had  not  been  acute  in 
the  Mid-Continent  field  until  about  two  years  ago,  when  the  unusual  con- 
ditions in  the  deeper  oil  fields  were  first  encountered.  California  faced 
the  same  situation,  but,  thanks  to  aggressive  measures,  has  largely  over- 
come the  dangers. 

The  following  analysis  of  water  trouble  may  throw  some  light  on  the 
subject  and  be  of  assistance  in  solving  the  problems  involved. 

Water  Troubles  Classified 

The  presence  of  water  in  large  quantities  in  oil  sands  has  the  following 
results: 

1.  Diminishes  oil  production. 

2.  Diminishes  casing-head  gasoline  production  : 

(a)  By  curtaiUng  the  gas  flow. 

(6)  By  making  the  use  of  vacuum  pumps  unsuccessful. 

3.  Increases  Ufting  costs: 

(a)  By  making  it  necessary  to  pump  large  quantities  of  water, 
which  requires  a  fast  motion  and  long  stroke  (third  hole). 
(6)  By  requiring  the  use  of  compressors  for  air  lift. 

(c)  By  causing  break-downs  and  delays  due  to  the  high  speed 

necessary  to  pump  water. 

(d)  By  making  it  necessary  to  treat  "cuf  or  emulsified  oil. 

Oil  production  is  seriously  curtailed  by  the  presence  of  large  quantities 
of  water.  Lease  records  show  that  wells  are  shut  down  40  to  60  per  cent. 
of  the  pumping  time  where  serious  water  trouble  occurs.  While  a  sYnall 
quantity  of  salt  water  may  cut  the  paraffine  and  keep  the  oil  moving, 
several  hundred  feet,  or  a  hole  full  of  water,  effectually  "kills''  the  oil 
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and  gas.  The  qiiick  return  of  wells  to  production,  once  the  water  is 
shut  ofiF,  shows  how  wells  have  been  affected.  The  killing  of  gas  sands 
naturally  means  a  decrease  in  gas  volumes.  Also,  where  the  hole  is  full 
of  water,  vacuum  pumps  are  worthless. 

When  attempts  are  made  to  pump  off  the  water,  the  wells  must  be 
pumped  fast  and  with  a  long  stroke  (third  hole).  This  results  in  rapid 
crystallization  of  the  rods,  in  numerous  breaks,  and  in  much  belt  trouble, 
all  causes  of  expensive  delays.  Some  operators  have  installed  air-lifts 
to  pump  off  water  in  great  quantities;  this  calls  for  expensive  compressors, 
and  SI  to  $2  per  barrel  of  oil  for  lifting  expense  is  not  unusual.  The  treat- 
ment of  ''cut"  or  emulsified  oil  also  calls  for  considerable  extra  equipment 
and  expense. 

Some  Results  Obtained  by  Shutting  off  Water 

It  is  necessary  only  to  give  a  few  results  obtained  by  shutting  off  water 
to  show  how  important  this  procedure  is. 

The  Ohio  Cities  Oil  Co.,  on  its  Sina  Crow  lease  in  the  North  Cushing 
oil  field,  Oklahoma,'  cemented  more  than  12  wells.  These  wells  made 
from  3  to  20  bbl.  of  oil  apiece  before  shutting  off  water,  and  all  the  water 
that  could  be  pumped,  ranging  from  100  to  150. bbl.  per  well.  After  ce- 
menting, these  wells  showed  increases  of  10  to  150  bbl.  of  oil,  and  3rielded 
only  1  to  10  bbl.  of  water;  in  fact,  some  wells  made  none.  The  casing- 
head  gasoline  content  increased  from  400  gal.  to  over  1400  gal.  per  day. 
Lifting  expenses  were  greatly  reduced,  as  the  well  pumped  90  to  100  per 
cent,  of  the  time  instead  of  40  to  60  per  cent.  By  eliminating  water,  all 
the  principal  troubles  ceased. 

Classification  of  Water 

In  nearly  all  oil  fields,  water  is  found  to  occui;  at  some  place  in 
the  oil  sands.  This  water  may  he  immediately  below  the  oil  and  in  the 
same  sand  ihroughovi  all  of  the  oil  pool  (bed  D,  Fig.  1),  or  it  may  occur 
around  the  edges  of  the  pool  (B,  Fig.  1).  It  may  also  lie  below  the  oil, 
but  in  a  different  stratum  (C,  Fig.  1).  Water  may  also  occur  in  sands 
above  or  between  oil  horizons  (A  and  C,  Fig.  1). 

In  California,  Wyoming,  and  areas  of  steep  dips,  it  is  most  unusual 
to  find  water  in  the  oil  sand  near  the  center  of  the  pool.  However,  in  the 
Mid-Continent  field,  where  low  dips  are  the  rule,  water  is  often  found  in 
the. same  sand  as  the  oil,  even  in  the  heart  of  the  pool  (bed  D,  Fig.  1). 
Water  in  the  oil  sand  is  found  around  the  edges  of  all  Wyoming  and 
California  oil  pools;  this  is  known  as  '*  edge  "  water  Water  below  the  oil 
sand  is  generally  called  "bottom"  water  (beds  C  and  D,  Fig.  1);  and 
water  above  is  called  "top"  water.  The  writer  prefers  the  terms  "pri- 
mary" and  "secondary"  waters. 
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Primary  water  may  be  defined  as  water  that  was  present  in  the  oil 
sand  before  drilling  occurred;  it  includes  ''edge"  water  and  ''bottom" 
water,  where  there  is  no  break  in  the  sand.  All  water  entering  the  oil 
sands  from  above,  between,  or  below,  may  be  termed  secondary  water, 
and  its  entrance  is  made  possible  only  by  the  drilling  of  oil-wells.  Top 
water,  and  also  bottom  water,  in  lower  sands  come  under  this  heading. 

As  the  oil  and  gas  are  drawn  from  the  oil  sands,  primary  water  gener- 
ally replaces  them.  This  is  because  the  water  is  generally  under  high 
headj  sometimes  as  much  as  1500  lb.  per  sq.  in.  This  water  cannot  be 
exhausted  from  the  sands,  but  its  encroachment  can  often  be  checked 
and  so  directed  that  wells  need  not  be  abandoned,  until  most  of  the 
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Fig.  1. 


available  oil  is  secured.  At  present,  only  from  10  to  20  per  cent,  of  our 
oil  is  secured,  when  50  to  75  per  cent,  should  be  obtained. 

Fig.  1  illustrates  a  number  of  conditions  that  can  and  do  occur  in  oil 
fields,  where  more  than  one  oil  sand  is  present.  These  conditions  existed 
before  any  wells-were  drilled.  A  is  a  water  sand;  £  carries  oil  and  water; 
C  is  a  water  sand;  D  carries  oil  and  water.  A  condition  of  equilibrium 
exists  in  those  sands;  there  is  no  travel  nor  migration  of  water  from  one 
sand  to  another  and  the  only  way  to  upset  this  stable  condition  is  to  drill 
wells.  Deeper  sands  often  occur,  but  for  purposes  of  illustration  only 
two  oil  sands  are  shown;  in  some  fields,  five  or  six  oil  sands  exist,  and 
numerous  water  sands. 

There  is  no  possible  way  for  primary  water  at  A  to  enter  the  lower 
sands  without  being  admitted  by  drilling.  At  B  it  is  noticed  that  water 
is  around  the  edge  of  the  sand.  On  top  of  the  fold,  water  does  not  exist. 
However,  were  a  well  drilled  below  the  B  sand  into  the  C  sand,  bottom 
water  would  be  found.  This  would  then  be  true  secondary  water.  Also, 
it  may  be  noticed  that  sand  C  would  provide  bottom  water  for  B  and  top 
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water  foi;  D.  Sand  D  shows  edge  water,  which,  however,  is  at  the  same 
time  bottom  water,  a  condition  common  to  thick  sands  in  regions  of  low 
dip  hke  the  Mid-Continent.  By  drilling  too  deep  into  the  sand  this  water 
would  be  encountered. 

Source  of  Water  Flooding 

The  effect  of  water  flooding  may  all  be  the  same,  but  the  source  of  the 
water  may  be  different. 

Well  5,  Fig.  2,  shows  how  bottom  water  may  flood  a  well. 

WeU  3,  Fig.  2,  shows  how  top  water  may  flood  a  well. 

Well  5,  Fig.  2,  also  shows  how  water  between  sands  may  flood  welk, 
when  improperly  shut  off. 

Wells  4  and  5,  Fig.  2,  show  how  water  in  one  well  may  flood  a  neigh- 
boring well. 

6 


Fio.  2. 


To  remedy  water  troubles,  it  is  necessary  first  to  determine  the  source 
of  the  water,  but  this  is  by  no  means  a  simple  matter.  In  some  cases  it  is 
quickly  ascertained,  but  in  others  only  careful  experiment  will  decide. 
Chemical  analysis  may  be  successfully  employed  where  the  waters  show 
marked  differences  in  composition.  AniUne  dyes  may  be  used  as  tracers 
in  some  cases.. 

Remedies  for  Water  Troitbles 

Once  the  source  of  the  water  has  been  ascertained,  remedial  operations 
must  be  employed.  These  remedies  may  call  for  total  abandonment  of 
wells  in  some  cases,  for  a  change  of  casing  points  in  others,  for  new  casing, 
for  the  use  of  mud-laden  fluid,  or  for  cementing  off  water.  Remedies 
should  be  employed  with  the  full  cooperation  of  the  oil  operator  not  only 
of  the  immediate  property  but  on  the  adjoining  properties. 
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If  a  well  is  so  hopelessly  flooded  that  remedial  means  cannot  restore 
it,  and  if  it  is  a  menace  to  neighboring  wells,  abandonment  should  be 
ordered.  Before  abandoning,  however,  the  well  should  be  plugged  in 
such  a  manner  that  there  is  no  possible  chance  for  water  to  use  the  well 
as  a  channel  by  which  the  flooding  of  adjacent  wells  may  still  go  on. 
Before  leaving  a  bad  well,  see  that  it  is  filled  with  mud  fluid,  of  proper 
consistency,  from  top  to  bottom  (see  well  6,  Fig.  2).  Mud  fluid  forms  a 
more  efficient  seal  than  any  other  known  means  of  plugging. 

A  change  in  casing  points  may  be  necessary  where  a  gas  sand  or 
"dry"  sand  has  become  a  water  sand,  due  to  flooding  from  adjacent 
wells.  In  such  case,  the  shutting  off  of  the  water  may  be  best  accom- 
plished by  underreaming  the  hole  to  form  a  new  seat,  and  then  using 
mud  fluid  or  cement  in  back  of  the  casing. 

New  casing,  of  course,  is  required  if  leaks  have  been  found  in  the  cas- 
ing. Casing  may  be  eaten  through  by  acid  waters,  a  common  cause,  or 
the  casing  may  have  been  faulty.  Where  heavy  heads  of  water  occur, 
any  tendency  to  weakness  in  the  casing  may  develop  into  breaks.  Col- 
lapsed casing,  leaks  around  couplings,  or  holes  in  the  casing  may  result. 

Mud  Fluid 

Mud  fluid  is  best  used  when  abandoning  wells,  or  for  filling  behind 
casing.    Limitations  of  its  use  must  be  clearly  understood. 

Mud  fluid  is  the  name  given  to  a  mixture  of  pure  clay  with  water. 
The  fine  clay  forms  an  emulsion  with  water  when  the  specific  gravity 
of  the  mixture  is  not  over  1.35.  A  good  mixture  has  a  specific  gravity 
of  1.2  to  1.3.  This  mud  fluid  is  so  much  heavier  than  water  or  gas 
that  it  shuts  off  gas  sands  and  keeps  water  back  in  the  sands  instead 
of  moving  in  the  drill  hole. 

Fig.  2  illustrates  a  variety  of  conditions.  Well  1  was  drilled  too 
deep.  The  lower  sand  D  was  non-productive,  so  it  was  mudded  off, 
and  a  wood  plug  and  cement  seal  were  set  at  the  bottom  of  sand  B, 
This  effectually  protects  B  from  water  at  C,  and  the  C  water  cannot 
enter  Z>. 

Well  2  is  producing  from  sand  D,  and  the  effectual  shutting  off  of 
sand  B  by  mud  fluid  is  shown. 

Well  3  shows  how  a  casing  leak  will  allow  water  to  enter  a  sand.  The 
remedy  is  to  put  in  new  casing. 

Well  4  was  drilled  to  sand  C,  but  plugged  off  successfully.  Sand  B  is, 
however,  endangered  by  wells  3  and  5.  The  remedy  is  to  shut  off  water 
in  3  and  5. 

WeU  5  shows  the  improper  shutting  off  of  sand  C,  and  the  consequent 
flooding  of  sand  B  from  C.  Also,  well  5  shows  how,  by  drUUng  too  deep 
into  the  sand,  the  upper  part  of  sand  D  is  threatened.  The  remedy  is 
to  shut  off  the  offending  sands. 

WeU  6,  in  the  syncline,  has  been  abandoned  and  filled  with  mud  fluid. 
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Cementing  Methods 

For  shutting  off  water  under  pressure,  cementing  is  the  best  method. 
The  old  methods  of  using  wooden  or  lead  plugs,  of  bottom  packera, 
and  of  seed  bags,  are  obsolete.  These  methods  work  under  some  condi- 
tions, but  safety-first  requires  the  use  of  cement.  Cementing  methods, 
which  comprise  by  far  the  largest  part  of  remedial  work,  are  not  so  simple 
as  may  first  appear.  Many  factors  enter  into  the  question,  and  the 
average  lease  boss  has  neither  the  experience  nor  the  training  necessary 
to  appreciate  them  all;  yet  failure  in  observing  any  one  of  them  may 
result  in  loss.     Observation  of  the  following  points  is  essential  to  success: 

1.  As  little  as  possible  of  the  pay  oil  sand  must  be  covered.  Many 
failures  have  resulted  from  cementing  the  pay  sand;  although  water  may 
be  shut  off,  so  also  may  the  oil  and  the  gas. 

2.  The  method  of  introducing  the  cement  must  be  the  one  best 
applicable  to  the  conditions  in  the  field. 

3.  Care  should  be  exercised  in  selecting  the  brand  of  cement  used  for 
this  work.  In  some  cases  it  may  be  necessary  to  use  accelerators  to 
give  rapid  sets,  but  when  these  are  used  they  must  not  appreciably 
weaken  the  cement. 

4.  The  work  must  be  done  as  quickly  as  conditions  will  warrant. 
Loss  of  production  and  expensive  work  on  wells  must  be  reduced  to  the 
minimum. 

The  system  of  cementing  employed  most  successfully  is  the  one  that 
takes  these  factors  most  completely  into  account.  The  introduction 
of  cement  has  given  rise  to  several  distinct  systems,  all  of  which  seek  to 
attain  the  same  results.     These  methods  are: 

1.  The  bailer  dumping  method. 

2.  The  tin-tube  method. 

3.  The  tubing  and  packer  method. 

4.  The  Perkins  method. 

5.  The  McDonald  method. 

6.  The  McPherson  system. 

The  bailer  method  of  emptying  cement  into  the  hole  is  the  simplest, 
but  least  efficient,  except  where  a  plug  of  only  limited  depth  is  required. 
It  fails,  however,  where  it  is  necessary  to  put  cement  into  a  hole  that  has 
large  gas  pressures  and  moving  water. 

The  tin-tube  method,  which  consists  in  filling  tin  tubes  with  cement, 
lowering  them  in  the  hole,  and  later  crushing  the  tubes  by  the  drill, 
is  very  little  used  at  present. 

The  four  last  mentioned  methods  are  the  best.  They  are  more  or 
less  similar,  with  enough  variation  to  have  distinctive  names.  In  all 
of  them,  the  cement  is  mixed  in  big  boxes  on  the  surface  and  is  pumped 
into  the  hole  through  casing  or  tubing,  precaution  having  first  been  made 
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to  insure  circulation  of  water.    Rotary  mud  pumps  are  employed  for 
pumping  in  the  cement. 

The  Perkins  system  consists  in  placing  a  disk  packer  in  the  casing, 
which  is  driven  down  upon  the  cement  and  forces  all  of  it  from  the  hole 
and  up  behind  the  casing. 

The  tubing  system  consists  in  gravitating  the  cement  into  the  hole 
through  open  tubing,  and  letting  it  settle  to  bottom.  Cement  is  mixed 
at  the  surface  and  pumped  into  the  tubing;  gravity  does  the  rest. 

The  McDonald  system  consists  in  dropping  dry  cement  through  the 
casing  or  tubing  and  adding  water  to  it.  It  is  a  simple  method,  especially 
appUcable  to  shutting  off  bottom  water. 

In  usin^  the  McPherson  system,  a  canvas  packer  is  generally  placed 
in  the  bottom  of  the  tubing  in  such  a  way  that,  when  expanded,  it  limits 
the  level  of  the  cement,  which  is  pumped  through  the  tubing,  to  the  level 
of  the  bottom  of  the  tubing.  By  using  an  expanding  packer,  cement 
may  be  pumped  under  pressure  into  a  shot  hole  and  some  of  it  forced  into 
the  pores  of  the  sand.    A  pressure  of  200  to  300  lb.  is  employed. 

The  McPherson  system  differs  from  the  other  systems  in  the  employ- 
ment of  special  canvas  packers  in  some  cases  where  shot  holes  are  the 
rule,  and  by  a  special  device  for  the  cleaning  of  the  walls  of  shot  holes 
by  causing  a  strong  rotative  action  of  the  water  on  the  walls  of  the  hole. 
This  action  insures  a  clean  surface  of  the  wall  of  the  hole  and  results  in  a 
better  contact  for  the  cement. 

The  Perkins  method  has  met  with  excellent  success  in  California. 
The  McDonald  system  has  given  favorable  results  in  Illinois  and  east- 
em  fields.  Variations  of  these  methods  are  also  employed  in  the  Mid- 
Continent  fields.  However,  the  McPherson  system  has  thus  far  been  the 
most  successful  in  the  Mid-Continent  fields,  as  it  has  been  developed  to 
meet  the  special  needs  of  that  area. 

Conclusion 

Water  flooding  in  the  Mid-Continent  is  a  menace  that  must  be  met 
quickly.  Only  the  active  cooperation  of  the  oil  operators  will  save  many 
wells.  In  California,  the  oil  operators  settled  their  difficulties  by  coopera- 
ting for  shutting  off  water.  Some  action  must  be  taken  in  the  Mid- 
Continent,  whether  it  be  through  private,  state,  or  federal  agencies. 
Common  business  sense  and  national  conservation  demand  it. 
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Origin  of  the  Texas  Domes 

Discussion  of  the  paper  of  E.  L.  De  Golter,  '*The  Theory  of  Volcamc  Origin  of 
Salt  Domes/'  presented  at  the  Colorado  Meeting,  September,  1918,  and  printed 
in  Bulletin  No.  137,  May,  1918,  p.  987. 

BY  B.   T.    DUMBLE,*  B.    8.,    HOUSTON,    TEX. 

The  domes  of  the  Texas  coastal  plain  are  structural  features,  con- 
sisting of  bosses  or  stocks  of  salt,  gypsum  or  anhydrite,  or  of  combinations 
of  these,  intruding  into  and  occurring  in  connection  with  broken  and 
uplifted  sedimentary  beds  of  Cretaceous  and  Tertiary  age.  Some  of 
these  domes  show  on  the  surface  as  mounds  of  greater  or  less  elevation, 
while  others  are  only  known  from  drilling  records.  They  may  be  divided 
into  two  classes:  interior  domes  and  coastal  domes. 

The  interior  domes  include  those  which  occur  in  a  zone  40  to  50  miles 
in  width  lying  immediately  east  of  the  Cretaceous-Tertiary  contact, 
and  extending  from  the  Sabine  to  the  Colorado.  With  a  single  exception, 
these  domes^  so  far  as  now  known,  occur  in  approximate  alignment  with 
the  contact;  but  at  irregular  intervals.  East  of  the  Brazos,  the  domes 
are  entirely  surrounded  by  Eocene  sediments. 

The  coastal  domes  are  found  nearer  the  Gulf,  lying  entirely  within 
Neocene  territory  and  stretching  from  the  Rio  Grande  to  the  Sabine. 
They  are  much  more  numerous  than  the  interior  domes,  and,  apparently, 
are  ranged  along  several  lines  having  a  general  northeast-southwest 
direction.     No  domes  are  known  in  the  Oligocene  belt. 

Interior  Domes 

The  interior  domes  so  far  identified  are  Butler's,  in  Leon  county, 
Palestine  and  Keechi  in  Anderson  county,  Brooks  and  Steen  in  Smith 
county,  and  Grand  Saline  in  Van  Zandt.  In  connection  with  these 
interior  domes  we  must  also  consider  the  Sabine  Peninsula,  of  Harris, 
which  is,  without  question,  genetically  connected  with  them. 

The  Palestine  and  Keechi  domes  have  been  described  recently  by 
0.  B.  Hopkins,^  who  gives  a  clear  idea  of  their  composition  and  structure. 
Others  have  been  described  at  different  times,  and  an  excellent  r6sum6 
of  the  literature  is  given  by  De  Golyer.^ 


*  Consulting  Geologist,  Southern  Pacific  Co. 

^U.  S.  G.  S.  BvU.  661  (1917),  253.  The  Brenham  dome,  also  described  in  Hop- 
kins' paper,  either  belongs  to  same  class  as  interior  domes,  or  is  intermediate  between 
them  and  the  coastal  domes.     It  certainly  is  in  no  way  related  to  the  coastal  domes. 

*  BitUetin  137  (May,  1918),  987. 


1630  ORIGIN   OF   THE   TEXAS  DOMES 

The  Palestine  dome  is  6  miles  west  of  Palestine.  Here  we  find  a 
depression  of  irregular  shape,  with  a  maximum  diameter  not  exceeding 
%  mile  (1.2  km.).  The  bottom  of  the  depression  is  occupied  by  a  shallow 
lake  with  its  surface  50  ft.  (15  m.)  below  the  general  level.  The  banks 
on  the  eastern  and  northern  sides  slope  upward  gradually,  but  that  on  the 
west  is  more  abrupt.  The  lowest  rock  exposed  is  a  sandstone,  which, 
as  proved  by  its  fossils,  is  of  Woodbine  age.  Between  this  and  the  under- 
lying body  of  salt,  140'ft.  (43  m.)  below,  there  is  85  ft.  (26  m.)  of  gray  to 
yellow  water  sand,  40  ft.  (12  m.)  of  dark  gray  sandy  clay,  under  which 
there  is  in  places  a  cap-rock  of  hard  Umestone  of  varying  thickness.  Ap- 
parently, therefore,  the  Woodbine  rests  directly  upon  the  salt  mass. 

The  Woodbine,  at  its  exposure,  shows  a  dip  of  46**  to  the  northwest. 
It  is  overlain  by  the  Eagle  Ford,  Austin  Taylor  (?)  and  Navarro  beds, 
all  of  which  dip  northwest  at  angles  varying  from  40°  to  50°.  No  beds 
were  found  which  can  be  referred  either  to  the  Midway  or  the  Lower 
Wilcox,  the  lowest  Tertiary  beds  being  sands,  clays  and  lignites  belonging 
to  the  Middle  or  Upper  Wilcox.  According  to  Hopkins,  these  Wilcox 
beds  in  the  vicinity  of  the  dome  show  southeast  dips  of  38°  to  57°,  which 
decreases  within  l}i  miles  to  20°  to  30°,  and  within  3  miles  become 
normal.  On  the  northeast  and  southeast  the  Claiborne  beds  reach 
within  3  to  5  miles  of  the  Dome,  but  show  Uttle,  if  any,  change  from 
normal  dip. 

Six  miles  (10  km.)  northeast  of  this  locality,  the  Keechi  dome  shows 
the  Austin  Chalk  at  the  surface,  surrounded  by  the  Navarro  beds, 
and  these  are  in  turn  encircled  by  the  Wilcox,  which  dips  away  from  the 
dome  at  angles  varying  between  20°  and  30°  (Hopkins).  As  in  the  case 
of  the  Palestine  dome,  the  Claiborne  is  3  to  4  miles  northeast  and  south- 
east of  the  Keechi  dome. 

The  thickness  of  the  beds  as  interpreted  from  logs  of  the  wells  would 
be  approximately  500  ft.  (152  m.)  for  the  Navarro  and  Taylor,  800  ft. 
(244  m.)  for  the  Austin  and  Eagle  Ford,  and  400  ft.  for  the  Woodbine. 
The  salt  mass  reached  at  2200  ft.  (671  m.)  was  drilled  into  for  900  ft. 
(274  m.),  a  30-ft.  (9  m.)  bed  of  water  sand  being  encountered  in  it  at 
a  depth  of  2900  ft.  (884  m.). 

The  Butler  dome,  which  is  6  miles  (10  km.)  southwest  of  the  Palestine 
dome,  has  not  been  so  carefully  examined,  but  appears  to  resemble 
the  Palestine  very  closely  and  gives  the  same  geological  section.  Brooks 
and  Steen  domes,  in  Smith  county,  are  also  Cretaceous  islands. 

Grand  Saline,  on  the  contrary,  while  undeniably  of  similar  origin 
to  these  five  Cretaceous  islands,  and  a  dome  in  structure,  is  entirely 
overlain  by  the  Wilcox  and  shows  no  Cretaceous  at  the  surface.  Further- 
more, the  body  of  salt  is  more  limited  and  probably  not  more  than  }i 
mile  square.  The  workable  salt  here  appears  as  a  lens  or  boss  and  not 
as  a  stock.     The  salt  occurs  at  a  little  over  200  ft.  (61  m.),  and  in  places 
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attains  a  thickness  of  300  ft.  (91  m.)}  thinning  out  at  the  edges.  *It 
is  immediately  overlain  by  gypsum,  or  by  alternations  of  limestone  and 
salt.  The  beds  above  these  are  heavy  Umestones,  shales,  and  clays, 
and  dips  of  30^  or  more  have  been  observed. 

On  the  surface,  the  Sabine  Peninsula  is  a  belt  of  the  Wilcox,  in  places 
more  than  30  miles  (48  km.)  in  width,  extending  along  the  Texas-Louisi- 
ana line  from  Vivian  to  Sabinetown.  It  is  flanked  east,  west,  and  south 
by  bodies  of  Lower  Claiborne.  From  north  to  south,  the  average  sur- 
face slope  of  this  peninsula  is  less  than  1  ft.  per  mile  (0.2  m.  per  km.). 

Well  sections  show  the  Upper  Cretaceous  beds  dipping  southward 
from  Red  River  at  about  50  ft.  per  mile  (9.5  m.  per  km.)  to  Vivian.  Here 
the  Sabine  uplift  begins,  which  brings  the  Cretaceous  up  again  within 
500  to  700  ft.  (152  to  213  m.)  of  the  surface.  Basing  the  estimate  on  the 
top  of  the  Annona  Chalk,  the  dip  of  the  Cretaceous  between  Vivian  and 
Sabinetown  is  300  ft.  or  about  3  ft.  per  mile  (0.6  m.  per  km.).  Above  the 
Cretaceous,  the  sections  show  250  ft.  (76  m.)  of  Midway  and  up  to  450 
ft.  (137  m.)  of  Wilcox.  The  well  records  show  that  the  Cretaceous  rocks 
were  folded  first  along  northeast-southwest  lines  and  later  at  right  angles 
to  this. 

The  Cretaceous  of  the  Peninsula,  therefore,  instead  of  continuing  on 
its  normal  dip,  forms  a  mesa  or  table-land,  and  seemingly  had  this  struc- 
ture during  lower  Eocene  time.  Harris  suggests  that  it  formed  an  island 
during  the  Claiborne. 

Coastal  Domes 

Beginning  on  the  south  we  find,  some  30  miles  (48  km.)  north  of  the 
Rio  Grande  and  a  few  miles  west  of  Raymondville,  on  the  St.  Louis  & 
Brownsville  Railway,  an  elliptical-shaped  lake  about  5  miles  (8  km.) 
in  circumference  with  water  nowhere  exceeding  3  or  4  ft.  in  depth  and  a 
bottom  of  pure  rock  salt.  It  occupies  quite  a  depression  in  the  wide- 
spread plain  of  gray  sands,  and  is  known  as  the  Sal  del  Rey.  It  is 
apparently  a  salt  dome,  and  probably  the  only  one  in  which  the  salt  occurs 
at  the  surface. 

The  next  important  dome  to  the  northwest  is  Loma  Blanca  in  Brooks 
county,  6  miles  southeast  of  Falfurrias.  A  lake,  3  miles  in  length  by 
H  Daile  in  breadth,  lies  north  of  it,  the  water  of  which  is  only  a  foot  or 
two  in  depth.  Loma  Blanca  itself  covers  an  area  of  probably  50  acres 
(20  ha.),  and  its  top  has  an  elevation  of  75  to  100  ft.  (23  to  30  m.)  above 
the  lake.  Its  northern  side  rises  somewhat  abruptly  from  the  margin 
of  the  lake  and  is  covered  with  a  soft,  g3rpseous  sand  containing  blocks 
and  boulders  of  selenite.  The  sand  thins  out  toward  top  of  the  mound, 
and  near  the  summit  clear,  transparent  selenite  is  seen  to  cover  an  area 
of  several  acres.  The  selenite  is  in  layers  2  to  6  in.  (5  to  15  cm.)  in  thick- 
ness and  is  perfectly  transparent.     Wells  drilled  on  thistmound  show  that 
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the  selenite  stock  has  a  thickness  of  more  than  1000  ft.  (305  m.).  Around 
the  foot  of  the  mound  the  gypseous  sand  is  gradually  covered  by  gray, 
siliceous  sands.  The  deposit  of  gypsum  evidently  underlies  a  large  area, 
for  the  lake  is  bordered  on  the  north  for  more  than  a  mile  by  a  bluff  25 
to  30  ft.  high  of  gypsum  sand  with  blocks  of  selenite. 

Between  the  Colorado  and  the  Brazos  we  find  some  large  domes,  among 
which  are  Big  Hill  near  Matagorda,  Bryan  Heights,  at  the  mouth  of  the 
Brazos,  and  Damon  Mound  about  30  miles  northwest  of  the  latter. 
These  mounds  are  prominent  features  in  the  Coastal  Plain. 

Big  Hill  rises  gently  from  the  shores  of  Matagorda  Bay  to  a  height  of 
36  ft.  (11  m.)  but  dips  sharply  on  its  northern  side  to  the  level  of  the 
prairie.  Its  surface  material  consists  of  yellow  Port  Hudson  clays. 
It  first  attracted  attention  as  a  probable  oil  field,  and  both  gas  and  oil 
were  found,  but  its  production  soon  failed.  The  drilling,  however,  dis- 
covered considerable  bodies  of  sulphur  along  the  eastern  side  of  the 
mound,  filling  caverns  in  porous  limestone  beds  at  about  1000  ft.  (305  m.) 
in  depth.  So  far  as  our  records  show,  although  salt  waters  were  encoun- 
tered in  drilling,  no  body  of  salt  has  yet  been  found. 

Bryan  Heights  has  about  the  same  elevation  as  Big  Hill,  with  a  diam- 
eter of  about  1  mile  and  rather  gentle  slopes  on  all  sides.  The  surface 
is  composed  of  Port  Hudson  clays,  which  are  apparently  500  ft.  (152  m.) 
in  thickness,  underlain  by  200  ft.  (61  m.)  of  Lafayette  and  other  materials 
which  rest  upon  a  dolomitic  cap-rock.  Below  this  there  occurs  some  300 
ft.  (91  m.)  of  gypsum  and  sulphur  with  some  sandstone.  This  lies  directly 
upon  the  salt  stock,  which  is  found  in  the  dome  at  about  1100  ft. 
(335  m.).  In  this  mound  the  sulphur  is  associated  with  gypsum  and  an- 
hydrite.    The  only  limestone  is  the  cap-rock. 

Wells  to  the  northeast  and  to  the  south  have  been  drilled  to  consider- 
able depths,  one  of  them  to  more  than  3000  ft.  (914  m.),  entirely  in  strati- 
fied sediments,  with  no  signs  of  dome  materials.  In  the  few  fossil  forms 
found  in  drilling  outside  the  mound,  nothing  occurs  to  indicate  that 
the  beds  are  earlier  than  Miocene. 

Damon  Mound,  in  the  northern  corner  of  Brazoria  county,  is  much 
larger  than  either  of  the  others,  covering  between  2000  and  2500  acres 
(809  to  1012  ha.),  and  rising  80  ft.  (24  m.)  above  the  prairie.  Its  surface 
is  composed  of  Lafayette  sands  and  gravel,  and  it  thus  forms  a  Pliocene 
inlier  in  the  Port  Hudson. 

One  of  the  earlier  wells  struck  gypsum  at  171  ft.  (52  m.)  and  continued 
in  it  for  400  ft.  (122  m.),  the  bottom  30  ft.  (9  m.)  being  a  mixture  of 
gypsum  and  sulphur.  Immediately  below  this  was  loose  sand  and  then 
500  ft.  (152  m.)  of  rock  salt  with  bottom  not  found.  Subsequent  drilling 
shows  that  the  "gypsum"  body  is  a  mixture  of  anhydrite,  gypsum  and 
selenite.  Some  limestones  are  found  on  the  sides  of  the  mound  and  in  the 
wells.     Kennedy  gives  this  section  of  the  region  near  the  original,  well: 
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Red  and  blue  clays  with  8ome  heavy  beds  of  sand. . . .  360  ft.  (110  m.) 

Limestone  and  gjrpsum 190  ft.  (58    m.) 

Gypsum  and  sulphur 40  ft.  (12    m.) 

Rock  salt 500  ft.  (152  ra.) 

Drilling  to  the  south  and  southwest  of  the  mound  has  developed 
commercial  oil  deposits  in  sedimentary  beds  which  seem  to  dip  away 
from  the  mound  at  angles  of  30°  to  50°.  Wells  off  the  mound,  but  near 
it,  have  been  drilled  to  over  5100  ft.  (1554  m.)  without  finding  any  trace 
of  mound  materials. 

Stratton  Ridge  lies  8  to  10  miles  (14  km.)  northeast  of  Bryan  Heights. 
Three  wells  along  a  line  running  north  and  south  found  gypsum  and 
anhydrite  at  depths  varying  from  862  to  1840  ft.  (263  to  561  m.),  but  so 
far  no  well  has  gone  through  it.  No  salt,  oil  or  sulphur  has  yet  been 
found. 

Hoskins  Mound  lies  10  miles  northeast  of  Stratton  Ridge.  A  good 
production  of  oil  was  obtained  from  the  shallow  sands  on  top  of  the  dome. 
One  well  drilled  to  the  south  encountered  the  cap-rock  at  about  800  ft. 
(244  m.),  below  which  they  found  over  500  ft.  (152  m.)  of  gypsum  and 
anhydrite  with  some  sulphur.  The  only  fossils  found  indicate  the  age  of 
the  sedimentary  beds  to  be  Lower  Pliocene  or  Upper  Miocene. 

The  Humble  dome,  which  shows  on  the  surface  an  extreme  elevation 
not  exceeding  20  ft.  (6  m.),  is  probably  IJ^  nule  (2.4  km.)  in  diameter. 
On  top  of  the  dome,  gusher  oil  was  found  at  1000  to  1200  ft.  (304  to  366 
m.).  The  cap-rock,  as  it  is  called,  is  dolomitic  and  is  in  places  accom- 
panied by  gypsum,  the  two  having  a  maximum  thickness  of  about  200 
ft.  (61  m.).     These  rest  directly  upon  the  mass  of  rock  salt. 

Upon  the  decline  ^n  production  of  gusher  oil  from  the  dome  proper, 
wells  were  drilled  at  various  distances  from  it  on  all  sides.  The  Esperson 
wells,  1  mile  to  the  south,  found  Ught  oil  in  shales,  and  later,  similar  oil 
was  found  on  the  north  and  in  larger  quantities  to  the  east  of  the  dome. 
The  series  of  beds  in  which  the  oil  was  found  consists  of  shales  and  gumbo, 
with  some  sand,  and  dips  away  from  the  dome  on  all  sides.  Between  the 
producing  area  on  the  dome  and  that  of  the  shale-oil  belts  on  its  flanks, 
there  is  a  strip  ^  mile  or  more  in  width  in  which  oil  is  not  found  in  any 
quantity,  and  in  this  the  belts  are  apparently  much  broken.  The  salt 
mass  which  occurs  at  1400  to  1600  ft.  (427  to  488  m.)  on  the  dome,  was 
struck  at  2320  ft.  (707  m.)  at  the  western  edge  of  the  shale-oil  belt  lying 
east  of  the  dome.  This  well  was  drilled  to  a  depth  of  5410  ft.  (1649  m.) 
without  getting  through  the  salt.  To  the  east  of  this,  wells  considerably 
more  than  3000  ft.  (914  m.)  deep  found  only  stratified  materials. 

These  conditions  indicate  clearly  that  the  domes  comprise  an  intrusive 
mass  of  salt,  gypsum,  or  anhydrite,  coming  up  through  the  sedimentary 
beds,  which  are  broken  and  tilted.  The  intrusive  action  is  also  shown  by 
the  sills  of  salt  and  gypsum  which  are  found  in  some  of  the  domes. 
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No  f OBsilif erous  beds  have  been  found  in  connection  with  these  Coastal 
Domes  that  are  earlier  in  age  than  the  Miocene,  except  in  one  well  at 
Sour  Lake,  where  Harris  found  Jackson  fossils,  and  in  another  at  Sara- 
toga in  which  forms  of  similar  age  were  reported.  No  oil  was  found  in 
either  of  these  wells,  and  other  drillings  near  them  failed  to  find  any 
extension  of  these  deposits,  which  are,  therefore,  seemingly  restricted  to 
very  narrow  limits. 

Origin  of  Intrusives 

The  association  of  the  gypsum,  salt,  and  anhydrite  suggest  their 
derivation  from  sea  water  by  evaporation.  Attention  has  been  called  to 
the  fact  that  the  occurrence  of  the  gypsum  above  the  salt  in  these  domes 
indicates  that  these  substances  may  have  had  some  other  origin,  but  none 
of  the  hypotheses  suggested  seems  to  have  any  better  grounds  than  that 
of  the  familiar  one  of  evaporation  of  brines  from  sea  water,  especially  as 
the  geological  facts  indicate  the  probability  of  favorable  conditions  for 
such  formation  in  this  region. 

The  salt  masses  of  the  interior  domes  lie  below  the  Woodbine.  There- 
fore, their  deposition  must  have  taken  place  prior  to  the  beginning  of 
Upper  Cretaceous  sedimentation.  There  were  two  periods  antedating 
this  which  were  especially  favorable  for  the  deposition  of  gypsum  and  salt. 

Prior  to  the  Comanchean  Cretaceous,  East  Texas  was  part  of  a  land 
mass,  a  region  of  erosion  and  not  of  deposition,  with  drainage  into  the 
epi-continental  sea  of  North  Texas.  The  encroachment  of  the  Coman- 
chean sea  was  from  the  west  and  south,  and  the  character  of  its  sediments, 
as  seen  in  the  extreme  eastern  exposures  in  Arkansas  and  southward  into 
Texas,  are  those  of  shallow  water,  showing  that  the  old  land  area  was  but 
slightly  submerged.  The  Trinity  in  Arkansas  carries  considerable  beds 
of  gypsum,  a  condition  which  was  duplicated  in  West  Texas,  where,  in  the 
Malone  mountains,  we  have  hundreds  of  feet  of  gypsum  of  Lower  Creta- 
ceous age.  There  is,  therefore,  no  reason  why  salt  and  gypsum  deposits 
of  this  age  may  not  be  expected  in  the  area  of  northeast  Texas  occupied 
by  the  interior  domes. 

A  second  period  favorable  for  such  deposits  is  found  in  the  interval 
between  the  Comanchean  and  the  Upper  Cretaceous.  While  we  have 
no  such  positive  evidence  of  the  accumulation  of  such  deposits  of  sea 
salts  at  this  period  as  those  already  mentioned,  the  fact  that  for  hundreds 
of  miles  the  contact  between  the  Buda  limestone,  which  marked  the  close 
of  Comanchean  deposition,  and  the  Eagle  Ford  (which  overlies  the 
Woodbine  when  the  latter  is  present)  shows  no  signs  whatever  of  erosion, 
proves  that  during  the  long  period  that  elapsed  between  them  the  top  of 
the  Comanchean  must  have  remained  at  or  near  sea-level,  and  in  such 
relation  to  it  that  no  terrigenous  sediments  could  be  laid  dow^  on  it. 
In  the  more  Uttoral  zone  of  Northeast  Texas,  the  Buda  is  represented 
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by  clays,  and  the  conditions  would  be  even  more  favorable  for  the  for- 
mation of  salt  basins  and  the  accumulation  of  gypsum  and  salt  prior 
to  the  beginning  of  Upper  Cretaceous  sedimentation.  There  is  every 
reason  to  believe,  therefore,  that  the  gypsum  and  salt  found  in  connection 
with  the  interior  domes  may  have  been  deposited  during  the  Lower  Cre- 
taceous or  in  the  Mid-Cretaceous  interval. 

While  sediments  of  Jackson  age  have  been  found  in  connection  with 
the  salt  of  the  Coastal  Domes,  in  no  place  has  salt  been  found  beneath 
these  deposits.  It  is  found,  however,  underlying  the  Neocene  beds; 
what  we  know,  then,  is  that  they  are  pre-Neocene. 

In  the  Coastal  area,  so  far  as  is  evidenced  by  the  beds  at  the  surface, 
marine  sedimentation  closed  with  the  Eocene,  and  during  the  Oligocene 
and  Neocene  the  deposits  are  largely  those  of  land  and  fresh  water. 

That  the  withdrawal  of  the  sea  at  the  close  of  the  Eocene  was  ac- 
companied by  the  deposition  of  beds  of  massive  gypsum  is  clearly  shown 
at  the  southern  end  of  the  belt  of  Gulf  Coast  Eocene  on  the  Conchos 
River,  in  Mexico.  Here  the  Frio  clays,  which  are  the  uppermost  Eocene 
beds  and  are  probably  of  Jackson  age,  form  a  large  portion  of  the 
Pomeranes  Mountains.  They  carry  in  their  upper  portion  heavy  beds 
of  massive  gypsum,  alabaster,  and  selenite,  interbedded  with  clays. 
The  pre-OIigocene  age  of  the  gypsiun  beds  is  clearly  shown  by  their 
relation  to  the  yellow  clays  of  the  San  Rafael  formation  lying  to  the  east. 

While  similar  conditions  are  not  positively  known  to  have  occurred 
in  East  Texas,  it  is  probable  that  they  did,  and  that  the  salt  and  gypsum 
which  occur  in  connection  with  the  coastal  domes  was  deposited  at  the 
time  of  tnis  emergence  and  prior  to  the  deposition  of  the  Corrigan  sands. 

Okigin  of  the  Domes 

The  character  and  structure  of  the  domes  show  conclusively  that 
they  are  the  result  of  orogenic  action  and  that  this  activity  has  been 
manifested  at  different  times  and  in  different  degrees. 

The  interior  domes  and  the  Sabine  Peninsula  were  begun  by  crustal 
movements  at  the  end  of  the  Upper  Cretaceous,  and  were  involved  in 
later  movements  at  the  end  of  the  lower  Eocene  and  during  the  Claiborne 
or  middle  Eocene,  resulting  in  total  elevations  of  2500  ft.  (762  m.) 
or  more  above  their  normal  horizon.* 

Similarly,  the  coastal  domes  were  elevated  by  orogenic  forces  acting 
after  the  deposition  of  the  Lafayette  and  prior  to  that  of  the  Port  Hudson 
clays.  The  elevations  in  this  case  are  fully  as  great  as  in  those  of  the 
interior  domes,  as  is  proved  by  drilling.  In  the  case  of  Damon  Mound,  the 
elevation  does  not  appear  to  have  entirely  ceased,  since  the  San  Bernard 
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River,  flowing  on  its  western  side,  seems  to  be  still  cutting  its  canyon 
where  it  crosses  it,  although  to  the  north  and  south  its  banks  are  low  and 
flat.     The  movements  are  most  probably  the  result  of  isostasy. 

The  Question  of  Vulcanicity 

According  to  the  writer's  point  of  view,  the  question  of  vulcanicity 
cannot  enter  into  the  origin  o^  the  materials  of  which  the  domes  are  com- 
posed, since,  although  salt  may  be  formed  by  volcanic  emanations, 
we  have  here  no  need  to  invoke  such  a  theory  of  its  origin,  since  a  more 
natural  one  is  probable.  Neither  is  it  believed  to  be  the  actual  dome 
producer,  but  rather  an  accompanying  factor  or  feature  of  the  forces  which 
caused  them. 

Both  salt  and  anhydrite  become  liquid  at  far  lower  temperatures 
than  any  lava,  and  existing  in  considerable  bodies,  as  they  probably 
did  here,  could  be  readily  forced  into  any  opening  caused  by  flexures 
or  faulting  of  the  crust  above  them  more  easily  than  a  plug  of  basalt. 
Apparently  this  is  what  has  occurred,  and  since  the  term  vulcanism 
is  used  by  Chamberlin  and  Salisbury*  "to  embrace  not  only  volcanic 
phenomena  in  the  narrower  sense,  but  all  outward  forcing  of  molten 
material,  whether  strictly  extrusive  or  merely  ascensive,"  it  is  thought 
to  cover  the  phenomena  of  the  intrusive  salt,  gypsum,  and  anhydrite 
stocks  in  these  domes,  as  fully  as  if  the  stocks  were  basalt  or  other  rock 
material. 


*  T.  C.  Chamberlin  and  R.  D.  Salisbury:  "Geology,"  2d  Ed.,  590.     New  York, 
Henry  Holt  &  Co.,  1906. 
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INDUSTRIAL  SECTION 

This  department  is  devoted  to  material  concerninff  the  products  or  operations 
of  manufacturers,  which,  in  the  estimation  of  the  Eaitor,  is  of  news  value  to  the 
mining  and  metallurgical  field,  but  does  not  come  within  the  scope  of  the  main 
editorial  section  of  the  Bulletin. 

Manufacturers  are  invited  to  submit  to  the  Editor  items  descriptive  of  new 
equipment  or  processes,  large  or  significant  installations,  and  similar  material 
of  news  character.  If  found  available,  items  thus  furnished  will  be  published  in 
this  section  without  charge,  subject  to  such  editorial  revision  and  condensation 
as  may  be  necessary. 

In  cases  where  illustrations  are  required,  cuts  of  the  proper  size  should 
accompany  the  text  matter. 


TRAYLOR  JAW  AND  GYRATORY  CRUSHERS 

The  Traylor  Engineering  &  Manufacturing  Co.,  AUentown,  Pa.,  has  taken 
the  lead  in  the  manufacture  of  jaw  crushers  of  large  size,  the  largest  of  their  jaw 
crushers  having  a  receiving  opening  of  66  by  86  in.,  and  weighing  340  tons.  In 
the  manufacture  of  these  exceptionally  large  jaw  crushers,  certain  modifications 
of  the  usual  design  have  been  necessary,  and  these  are  described  in  Bulletin  J-2. 
For  the  frames  of  all  crushers,  both  large  and  small,  the  Traylor  company  now 
uses  steel  or  semi-steel  exclusively,  instead  of  the  soft  cast  iron  which  has  be^n 
largely  employed  for  this  purpose  heretofore.  In  crushers  of  the  larger  size,  the 
frames  must  be  sectionalized,  and  in  addition  to  the  usual  bolts  for  joining  these 
sections,  to  withstand  the  enormous  stresses  to  be  carried  by  the  frame,  tension 
rods  of  ample  size,  which  are  heated  before  the  nuts  are  drawn  up,  are  used  to 
give  additional  strength.  The  pitman  is  also  made  of  cast  steel  and  the  bearings 
are  water  cooled. 

The  following  table  shows  the  relative  dimensions  of  a  steam  shovel  dipper, 
and  the  jaw  crusher  or  gyratory  crusher  required  to  take  the  product  of  this 
dipper. 


Rated  Capacity 
of  Dipper  in 
Cubic  Yards 


5 
4 

3 

2 


Size  of  Stone,  In. 


48 
48 
44 
40 
36 
33 
33 
30 


X60 
X67 
X60 
X48 
X48 
X45 
X45 
X36 


Jaw  Cruaher,  In. 


60  X84 
60  X84 
48  X60 
48  X60 
36  X60 
36  X  60* 
30  X  48* 
30  X  48* 


Gyratory ,  In« 


54 
48  or  54 
36  or  48 
36  or  48 
30  or  36 
24  or  30* 
21  or  24* 
21  or  24* 


*  Crusher  has  a  greater  capacity  than  steam  shovels  equipped  with  2,  1^  or  IH  cu. 

yd.  dipper. 
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The  next  table  is  of  interest  as  indicating  the  relationship  between  the  size 
of  crushed  rock,  as  determined  by  the  theoretical  ring,  and  as  produced  by  an 
actual  trommel.  In  order  to  avoid  returning  excessive  amounts  of  over-sized 
material  from  a  screen  to  a  crusher,  the  holes  oi  the  screen  must  always  be  lai^r 
than  the  opening  of  the  crusher  (Richards  recommends  25  per  cent,  larger), 
but  when  a  trommel  is  used,  the  size  of  hole  must  be  still  further  increased 
because  the  screening  takes  place  on  an  inclined  surface. 


Siae  of 

Sise  of 

Sue  of  Revolving     i 

Siieof 

1                                        1 

'       Sise  of       ' 

Sise  of  Revolving 

Cube,  In. 

Ring,  In. 

Screen 
Perforation, 

«           1 

In. 

Cube,  In. 

1    Ring.  In. 

I 

Screen 
Perforation,  In. 

H 

% 

H 

i?i 

!       2H 

3 

H 

He 

y* 

2 

i>1 

3H 

H 

% 

2H 

4 

?i 

1 

w* 

3 

4 

5 

1 

IH 

VA 

ZH 

i       5, 

6 

IK 

l?i 

2H 

4 

;      6H 

7K 

IM 

2 

2H 

1 

The  gyratory  crushers  manufactured  by  the  Traylor  Engineering  &  Manufac- 
turing Co.,  and  described  in  Bulletin  G-4,  do  not  differ  materially  m  design  and 
general  features  from  those  commonly  employed  heretofore.  A  few  improve- 
mentS;  however,  have  been  made  in  the  design  of  certain  details.^  The  main 
shaft  IS  of  extra  large  diameter  throughout  and  is  not  key-seated  in  any  way, 
making  a  shaft  that  is  much  stronger  than  found  in  other  crushers  of  the  same 
size.  The  hopper  completely  encircles  the  top  shell,  so  that  it  is  not  necessary 
to  remove  it  when  replacing  the  spider,  shaft,  or  concaves.  The  spider  is  of  the 
two-arm  type,  in  order  to  make  the  receiving  opening  as  large  as  possible.  The 
spider  rests  clear  of  the  concaves  and  does  not  need  to  be  removed  when  these 
are  replaced.  The  excentric  is  designed  to  present  a  larger  bearing  surface  than 
is  usually  found  in  gyratory  crushers,  and  special  attention  has  been  paid  to  its 
lining  and  lubrication.  Bulletin  G4  contains  a  table  showing  the  size  of  the 
machine,  size  of  feed,  size  of  discharge,  speed,  weight,  horsepower  required,  and 
capacity. 

MANUPACTITRBRS'  NOTICES 

The  Jeffrey  Manufacturing  Co.,  Columbus,  Ohio,  announces  the  reopening  of 
its  branch  office  at  Cleveland,  Ohio,  which  will  be  situated  at  437  Leader-News 
Bldg.,  and  will  be  in  charge  of  Messrs.  P.  C.  Dierdorff  and  C.  B.  Reed. 


TRADE  CATALOGS 


(Under  this  heading  will  be  listed  such  catalogs  or  other  adver- 
tising literature  as  may  be  received  during  the  preceding  month. 
Contributors  should  address  their  material  to.  Engineering 
Societies'  Library,  29  West  39th  St.,  New  York.) 

Aero  Pulverizer  Co.    New  York,  N.  Y.    Bulletin  26.    Pulverized  fuel  com- 
bustion. 

American  Steel  &  Wire  Co.    New  York.    Electrical  wires  and  cables.    Cata- 
log and  Handbook. 
American  wire  rope.     Catalog  and  Handbook. 
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Central  Scientific  Co.    Chicago,  lU. 

Bulletin  15.    A  new  anal3rtical  balance. 

17.    American-made  glassware  and  porcelain  for  American  labora- 
tories.   Whatman  filter  paper. 

19.    Cenco  laboratory  rheostats  rated  for  continuous  duty. 

20.    Balances  and  weights. 

36.    Matthews  gas  machine. 

45.    Cenco-Nelson  high-vacuum  pumps. 

60.    A  new  single-walled  drying  oven. 

61.    A  new  DeiQiotinsky  drying  oven. 

■  70.    Cenco  Polar  water  stills. 

Delta  Star  Elecxric  Co.    Chicago,  HI. 

Bulletin  33.    High-tension  indoor  equipment. 
DuPoNT  DE  Nemours  &  Co.    Wilmington,  Del.    Catalog  of  products,  correct 

to  May  15,  1918. 
Educational  Exhibition   Co.    Providence,    R.    I.     Catalog    E.     Graphic 

record  supplies.    Mechanical  graphs. 
FisKE,  J.  Parker  B.    Boston,  Mass.    Cost  of  a  house,  a  comparison  between 

brick,  wood,  cement  and  hollow  block  construction. 

"Fisklock"  "Tapestry"  brick.    Catalog  33-A. 

A  house  of  brick  for  S10,000. 

One  hundred  bungalows. 

Tapestry  brickwork.    Catalog  11-F. 

Tapestry  brick  fireplaces.    Catalog  23. 

Tapestry  brick  and  tilework  for  floors  and  interior  walls.    Catalog  29. 

Through  the  home  of  tapestry  brick.     No.  28. 
General  Electric  Co.    Schenectady,  N.  Y. 

Bulletin  41302-A.    Polyphase  induction  motors. 

47070.     Direct-current  standard  unit  panels  90  in.  high,  125  and  250 

volts,  2-wire;  and  125  to  250  volts,  3- wire,  for  general  power  and  lighting 

service. 

Class  317  (68202)  CR  3100  drum-type  controllers  for  series,  etc. 
I-VSTITUTB  OP  Makers  of  Explosives.     New  York.    Use  of  explosives  in  mak- 
ing ditches. 

Clearing  land  of  rocks  for  agricultural  and  other  purposes.    By  J.  R.  Mattem. 

Clearing  land  of  stumps. 
Jeffrey  Manufacturing  Co.    Columbus,  O. 

Bulletin  241.     Jeffrey  35-B.     Shortwall  Mining  Machine. 

243.     Electric  Rotary  Coal  Drills. 

Johnson,  Henry,  Co.    Jersey  City,  N.  J.    Catalog  of  Packings. 
Lahner-Johnson  Valve  &  Engineering  Co.    Philadelphia,  Pa.    Bulletin  1. 

Johnson  hydraulic  valve. 
New  England  Tank  and  Tower  Company.     Everett,  Mass.     Catalog  F. 

Wood  tanks. 
Parks,  The  G.  M.  Co.    Fitchburg,  Mass.    The  Turbo-humidifier,  a  simple 

practical  device  for  producing  artificial  humidity,  using  an  old  principle  in 

a  new  way. 
Portland  Cement  Association.    Concrete  Construction. 
Stone  and  Webster  Engineering  Corp.    Steam  Power  Stations,  Ed.  2. 

Gas  Plant  Construction,  coal-  and  water-gas  generating  stations. 
Sullivan  Machinery  Co.    Chicago,  HI.    Bulletin  73.    Sullivan  iron-clad  coal 

cutters  for  room-and-pillar  and  longwall  mining. 
Wheeler  Condenser  &  Engineering  Co.    Carteret,  N.  J.    Bulletin  describing 

the  Lillie  evaporator  for  waste  waters. 
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The  Engineering  Societies  Library  is  prepared  to  supply  the  original,  or  a  copy, 
translation,  or  abstract  of  any  paper  mentioned  in  the  following  index,  at  the  following 
rates: 

Translations,  per  1000  words:  German  or  French,  $3.50;  other  languages, 

$4.50  and  upward,  by  arrangement. 
Copies  of  articles,  maps,  drawings,  etc. 

Photoprints,  10  by  14  in.,  per  sheet $0.20 

Typewritten,  per  1000  words 1.00 

Bibliographic  searching,  abstracting,  etc.,  per  hour $1.50 

'    Original  article,  publisher's  price,  plus  postage.    Orders  for  periodicals 
will  be  forwarded  to  the  publisners,  and  bill  will  be  mailed  from  the 
Library. 
Address  communications  relating  to  the  Index  to  Engineering  Societies  Libraiy, 
29  West  39th  Street,  New  York. 

In  the  following  Lidex,  volume  numbers  are  given  in  heavy-faced  figures,  page 

numbers  in  light-faced  figures. 

Pa«b 

Mineral  Resources (6) 

Mining  Geology  and  Mining  Practice (10) 

Ore-dressing  and  Preparation  of  Coal (16) 

Coal  and  Coke (20) 

Petroleum  and  Gas (22) 

Metallurgy  of  Iron  and  Steel (24) 

Metallurgy  of  Non-ferrous  Metals (32) 

CHBOinrs,  speeding  up,  production.  BtignQ.  4 
Aftn.  Jnl.  (July  13,  1918)  106.  63. 

Clay,  report  on  renources  of  Southern  Saakatehe- 
wan.  N.  B.  Davis.  Dept.  of  Minea,  Canada. 
No.  468  (1018)  1-93. 

Coal,  Blairmore  area.  Alberta.  Can.  Min,  Jul 
(July  1.  1918)  89,  219. 

CoppBB  deposits  of  the  Blue  Ridse  Mountaim. 
M.  Haney,  Enong.  <ft  Min.  Jnl.  (Aug.  10. 
1918)  106,  248. 

CoBUNDUM,  Report  on  certain  minerala  used  in 
the  arts  and  industries.  P.  A.  Wacoer, 
South  Afr.  Jnl.  Ind.  (May.  1918)  1,  776-97. 

Corundum  deposits  of  South  America.  P.  A 
Wagner,  SotUk  Afr.  Min.  Jnl.  (May  25. 
1918)  t7,  76;  11  (June  1.  1918)  tT.  106; 
III  (June  8,  1918)  t7,  137;  IV  (June  22, 
1918)  17,  183-^.     Serial. 

Gboboia,  depoaita  of  Claiborne  and  Jackson 
age  in.  U.  8.  Geol.  Sur.  Pro/«Mtoaai  paper. 
12a-C.  41-81. 

Gbms  and  precious  stonea  in  1916.  W.  T. 
Schaller,  U.  S.  Geol.  Bur.  Dept.  of  Interior. 
Mineral  Rtaourcet  of  the  U.  S.  Pt.  2,  Na 
34,  8S7-99. 

Glass  sands  of  Pennaylvania.  C.  R.  Fettke, 
Science  (July  26.  1918)  48,  9S-100. 

Gold,  status  of.  Editorial.  Min.  d  Sci.  Pr. 
(Aug.  10,  1918)  117,  174-5. 

Gold,  market  value  of.  W.  de  L.  Benedict, 
Aftn.  A  Set.  Pr.  (Aug.  17,  1918)  117,  209-10. 
Letter. 

Gold  is  needed.  Canad.  Min.  Jnl.  (July  1. 
1918)  89,  218-9.     Editorial. 

Gold  and  silver  in  1916.  H.  D.  McCaakey  and 
J.  P.  Dunlop.  U.  S.  Geol.  Sur.  Dept.  of  Inte- 
rior. Minrral  Retourcf  of  U.  S.  Pt.  1,  No.  21 
(1918).  679-721. 


MINERAL  RESOURCES 

Alaska,  Upper  Chitina  Valley.  F.  H.  Moffit, 
U.  S.  Geol.  Sur.  Dept.  of  Interior,  Bull. 
678,  3-82. 

Alunitb,  recently  recognized  deposits  at  Sulphur, 
Humboldt  County,  Nevada.  I.  C.  Clark, 
Engno.  A  Min.  Jnl.  (July  27,  1918)  106, 
159-63. 

Aktimont  in  Oklahoma  County,  Washington. 
O.  P.  Jenkins,  Engng.  A  Min.  Jnl.  (Aug.  17, 
1918)  106.  309. 

Asbestos  and  its  applications.  Amianto  i  sua 
aplicaciones.  Bol.  Soc.  Form.  Fabril  (Apr., 
1918)  36,  250-1. 

Asbbstos  deposits  of  Norway.  Nogcn  norske 
asbeatforekomster.  H.  Reuach,  Tek.  Uko- 
blad  (July  26,  1918)  66,  394-5. 

AsBBSToa  in  South  Africa  J  Amianto  na  Africa  do 
sul.     Rev.  Mineira  (May  15,  1918)  1,  42-4. 

Bbitisb  mineral  statistics.  Enar.  [London] 
(July  5,  1918),  76,  12-3. 

Caj>vium.  C.  E.  Siebenthal,  U.  S.  Geol.  Sur., 
Dept.  of  Interior,  Mineral  Resources  of  the 
U.S.    Pt.  l.No.  5,  49-53. 

Calichb  beds  found  to  be  small  in  Southeaatern 
California.  Chem.  A  Met.  Engng.  (Aug.  15. 
1918)  19,  199. 

Canada's  coal  resources,  rational  development. 
Jnl,  Engng.  Inat.  of  Can.  (May,   1918)   1, 

Canadian,  Hints  on  prospecting  for  a  few. 
minerala.  W.  Malcolm,  Monthly  Bull. 
Can.  Min.  Inat.  (Aug..  1918)  692-704. 

Chbomb  ore  in  California.  Iron  Age  (July  25. 
1918)  108,  211. 
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A  STRIKING  FEATURE 
OF  THIS  POWERFUL  HOIST 
IS  ITS  COMPACTNESS 


And  the  electrically  driven  hoist  has  the  added 
feature  of  being  practically  noiseless. 

Then  there  are  34  safety  control  features  of 
Vulcan  Hoists  that  assure  greatest  constant 
production.  One  in  itself— the  safety  device  to 
prevent  over-winding  and  over-speeding — will  be 
of  particular  interest  to  mine  operators. 

Vulcan  Hoists  have  been  serving  satisfactorily 
and  faithfully  for  the  past  65  years. 

There  is  one  for  your  particular  needs.  Send 
for  our  interesting  catalog.  If  you  care  to  tell 
us  your  needs,  our  engineering  department  will 
be  glad  to  help  you,  without  obligation. 

VULCAN   IRON  WORKS 

CHiuao  1744  MAIN  STREET        new  york 

WILKES  BARRE,  PA. 
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QoLD  oonferenoe.  American.  C.  De  Kalb,  Jlftn. 
A  Sex.  Pr,  (Aug.  24.  1918)  117,  243-4. 

Gold,  vital  need.  J.  Clauaen,  Sngng.  db  Min.  Jnl. 
(Aug.  24,  1918)  106,  348-9.  Abstraot  from 
an  addreas  to  the  Am.  Gold  Conference. 

Gold  production  must  be  kept  up.  Min,  Cong, 
Jnl,  (Aug..  1918)  4,  294-5. 

Gold  production,  criais,  Congreas  muat  act. 
B.  L.  Thane.  Engng.  A  Min.  Jnl.  (July  27, 
1918)  106,  164-6. 

Gold  production,  importance  of.  L.  Phillips, 
Min.  A  Set.  iV.(Aug.  3,  1918)  117, 168-60. 

Gold,  menace  to,  mining.  M.  T.  Chestnut, 
Min.  A  Set.  Pr.  (Aug.  10.  1918)  117,  178-0. 
Letter. 

Gold,  menace  to.  mining.  J.  A.  Burgess, 
Min.  A  Sci.  Pr.  (Aug..  10.  1918)  117, 177-8. 
Utter  (July  27,  1918)  122-6. 

Gold  mining,  crisis.  Alas.  Northw.  Min.  Jnl 
(Aug.,  1918)  18,  26-7. 

Gold  mining,  crisis.  Min.  Cong.  Jnl.  (July,  1918) 
4.  242-3. 

Gold  mining,  status  of.  A.  Burch.  Min.  A 
Sci.  Pr.  (Aug.  17,  1918)  117,  209.  Letter 
(July  27,  1918)    117,  108.     Editorilri. 

Gold  situation.  G.  E.  Collins  sees  impending 
crisis  in,  Min.  Cong.  Jnl.  (Aug.,  1918)  4, 
306-7. 

Gold  situation.  Min.  Cong.  Jnl.  (Aug.,  1918) 
4,  287.     Editorial. 

Graphitb  in  1917.  H.  G.  Ferguson,  U.  S.  Geol. 
Sur.  Dept.  of  Interior.  Mineral  Retotweet 
of  the  U.  S.    Pt.  2,  No.  8.  97-119. 

Graphite  industry.  Min.  Jnl.  (June  22,  1918) 
121,  360-70. 

Gtpsum  in  1917.  R.  Stone,  U.  S.  Geol.  Sur. 
Dept.  of  Interior.'  Mineral  Reaourcee  of 
U.  S.    Pt.  2,  No.  7,  85-95. 

Indian  lands  may  be  open  for  leasing,  mineral 
deposits  on.  Min.  A  Oil  Bull.  (July,  1918) 
4,  321-2. 

Indian  lands,  leasing  mineral  deposits  on. 
Min.  A  Sci.  Pr.  (June  29,  1918)  116,  878. 

Indian  reservations,  Senate  passes  bill  to  author- 
ise mining  on.  Engng.  A  Min.  Jnl.  (Aug. 
3,  1918)  106,  210. 

Iron,  report  on  the  sources  and  production  of, 
and  other  metalliferous  ores  used  in  the  iron 
and  steel  industry.  Dept  of  Sci.  &  Ind. 
Research.     Advisory  Council.    (1918)  1-180. 

Ikon,  British  and  colonial,  ore  supplies.  Engng. 
(June  28,  1918)  106,  72&-9. 

Iron  formation  on  Belcher  Islands,  Hudson 
Bay,  with  special  references  to  its  origin  and 
its  associated  algal  limestones.  E.  S.  Moore, 
Jnl.  Geol.  (July-Aug..  1918)  26,  412-38. 

Iron  deposits  of  Huacravilca.     Yaciroiento  de 

fierro  de  Huacravilca.     E.   I.  Duenae,  Bol. 

Cuerpo   Ingen.   de   Minas.    Peru.     No.   87, 

7-80. 
Iron  resources   of   Canada.     Engng.    (Juno  21, 

191S)  106,  686-7. 

Ironstones,  Jurassic,  of  the  United  Kingdom 
economically  considered.  Iron  A  Steel  Inst. 
Advance  copy.  No.  4,  1-46. 

LiMONiTS  deposits  in  Porto  Rico.  C.  R.  Fcttke 
and  B.  Hubbard,  Iron  Tr.  Rev.  (July  25, 
1918)  66,  210-1.  Abstract,  A.  I.  M.  E.  Bull. 
135. 

Manganese  deposits  in  White  Pine  County, 
Nevada.  Engng.  A  Min.  Jnl.  (Aug.  17, 
1918)  106,  308. 

MANGANaaa  deposits  in  Madison  County,  Mon- 
tana. U.  S.  Geol.  Sur.  Dept.  of  Interior 
Bull.  690-F,  131-43. 

Manganese  and  manganiferous  ores  in  1016. 
U.  S.  Geol.  Sur.  Dept.  of  Interior.  Mineral 
Reeoxtrcpi  nf  the  i\  S      Pt.  1.  No.  23.  731-56. 
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Manoanese  ore  shipments.  Shipjnng  (July  13, 
1918)  4,  37. 

MANGANasB  mines  in  Italy.  G.  CaateUi.  Rat- 
•egna  Mineraria  (Apr.,  1918)  14,  64-6. 

Manoanbbb  for  America.  Iron  A  Steel  Tr.  Jnl. 
(Aug.  3,  1918)  119. 

MAGNBaiTB  in  1917.  U.  S.  Geol.  Sur.  Dept.  of 
Interior.  Mineral  Reeotwces  of  the  U.  S. 
Pt.  2,  No.  5,  63-79. 

Mineral  industry  after  the  war.  J.  F.  Brown. 
Canad.  Min.  Inst.  BiUl.  (July,  1918)  631-5. 
Letter. 

MoLTBDENVif-Ilsemannite.  H.  F.Yanoey.  Chem. 
A  Met.  Engng.  (Aug.  15.  1918)  19,  186-90. 

MoLTBDENUii,  tungstcu  and  biamuth.  InduH. 
Auetral.  (May  16,  1918)  if,  405-6;  (June  6. 
1918)  89,  589;  (June  13,  1918)  it,  623-4; 
(June  20,  1918)  it,  655-6;  (June  27,  1918} 
69,  688-9;  (July  4,  1918)  60,  29-30.    Serial. 

Geology  and  ore  deposits  of  Ely,  Nevada.  A.  C. 
Spencer  and  C.  H.  Clapp,  Econ.  OeoL  (July, 
1918)  8,  400-9.     Review. 

New  York.  Quarrv  materials  of,  granite,  gneiss, 
and  marble.  New  York  State  Mueeum  Bull. 
181,  a,  7-212. 

New  York  State,  Mining  and  quarry  industry. 
New  York  StaU  Mueeum  Bull.  190,  S,  7-92. 

Nickel  mining.  Mineria  del  niquel.  Ret.  Min- 
era  (July  1,  1918)  60,  321. 

Nitrate  deposits,  Chilean.  Irvin,  Donald  J. 
Letter.  Min.  A  Sci.  Pr.  (July  27. 1918)  11T» 
100-10. 

Nitrate  deposits  in  Amargosa  Sink  reported  on 
by  geological  survey.  Engng.  A  Min.  Jnl. 
(Aug.  10,  1918)  106,  264. 

Peru,  Carboniferous  deposits  in  the  district  of 
Llapo.  Yacimientos  carboniferos  del  dis- 
trito  de  Llapo.  Bol.  Cuerpo  Ingen.  de 
Minas.  Peru.     No.  89  (1918)  0-24. 

Peru,  geological  observations  between  Lima  and 
Chanchamayo.  Observaciones  geological 
efectuadas  aesde  Lima  hasta  Chanchamayo. 
Inform.  Soc.  Ing.  Peru  (June,  1918)  SO, 
235-49. 

Peru's  coal  resources.  Iron  A  Coal  Tr.  Ret. 
(July  26,  1918)  97,  87. 

Philippines,  metal  mining.  Min.  Jnl.  (July  13, 
1918)  122,  417. 

Phosphate  rock  in  1917.  Am.  Pertilixer  (July 
20,  1918)  49,  68-86. 

Platinum  find  near  Fifield.  Chem.  Engng.  A 
Min.  Rev.  (Mar.  5,  1918)  10,  185. 

Platinum  riches  of  Russia.  Rueeia  (June.  1918) 
S,  24-9. 

Platinum  and  allied  metals.  J.  M.  Hill.  U.  S. 
Geol.  Sur.  Dept.  of  Interior.  Mineral  Re- 
aourcee  of  the  U.  S.     Pt.  1,  No.  2,  11-21. 

Potash  mines.  Minas  de  sales  poULsicas.  Ret. 
Minera  (June  16.  1918)  68,  293-9. 

Potash,  sources  of.  Engng.  (July  19,  1918)  106, 
68-9. 

Potash,  prospects  of  founding,  industry  in  this 
country.  K.  M.  Chance,  Jnl.  Soc.  Chem. 
Ind.  (July  31,  1918)  87,  222-30.  Also  in 
Iron  A  Coal  Tr.  Rev.  (July  26, 1918)  87,  86-7. 

Ptrite,  State  geologist  reports  on,  industry  in 
Georgia.  Commercial  rert.  (July,  1918)  16, 
48. 

,    Pyrite  deposits  of  Georgia.     Engng.  A  Min.  Jnl. 
I  (Aug.  3.  1918)  106,  213. 

Pyrites.  Canad.  Min.  JnJ.  (Aug.  1,  1918)  88, 
268-9. 

Queensland  State  mining  enterpriaes.  Queen*, 
land  Govt.  Min.  Jnl.  (June  16,  1918)  18, 262- 

QuEENSLAND,  Mining  industry.  QueenelandOotl* 
Min.  Jnl.  (July  16,  1918)  18,  252-6. 
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"BULLDOG" 

Hollow  and  Solid 

MINING  AND  ROCK  DRILL  STEEL 

THE  STANDARD  EVERYWHERE 


Prompt  Deliveries  on  the  Largest  Orders. 
All  Sizes  and  Sections  from  Stock. 


'^BULLDOG"  Made-up  Drills  are  Unequalled 
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QciaauvnoL  deponto  of  the  Phoenix  Mountaioe, 
ArUona.  U.  8.  Geol.  Bur.  Dept.  of  Interior 
Bull.  OgO-D,  96-109. 

QuicniLYBB,  produetion  of,  and  tungsten.  Af in. 
db  Sei.  Pr.  (July  6.  1918)  liT,  SS. 

Rhodesia,  non-metallic  minerals  of.  South  Afr. 
Min.  Jnl.  (June  8,  1918)  ST,  134.  Serial. 
From  report  of  Rhodesia  resource  committee. 

Rhodxsza  Munitions  and  Resource  Committee. 
Report.    1918.     1-109. 

RHOoasiA,  Southern,  report  of  the  director  geo- 
logies! survey.  I.  South  Afr,  Min.  Jnl. 
(June  22,  1918)  17,  181;  II.  (June  29.  1918) 
t7. 207.     Serisl 

Rhodcsia,  Mineral  resources  of.  Iron  A  Coal 
Tr,  Rev.  (July  26,  1918)  97,  96. 

Sacbamento  Hill.  G.  Sherman,  AriM.  Min.  Jnl. 
(Aug.,  1918)  S,  5-7. 

Saunb  domes  and  other  salt  deposits.  K. 
Thomas,  Min.  A  Sci.  Pr.  (Aug.  17,  1918) 
117,  226. 

Santiago,  Auriferous  deposits  in  the  river,  and 
its  cone.     Riquesa  aurifera  del  rio  Santiago 

Lde  su  sona.     L.   Ulloa,  Bol.  Soc.  Geog. 
ma  (Deo.  31,  1917)  88,  295-312. 

BiAMBSB  Malaya,  mining  in.  Sngng.  A  Min.  Jnl. 
(July  13,  1918)  106,  79. 

Silver,  promising  situation.     Metal  Ree.  (July, 
1918)  4,  187-8. 

Spbltbb  statistics  for  1917.  W.R.  Ingalls, 
Bnong.  &  Min.  Jnl.  (July  27,  1918)  IM, 
176-81.  V  -^        . 

Spitzberobn,  mineral  wealth  of.  Chem.  Ind. 
(June  29,  1918)  ST,  239-40. 

Stbontium,  domestic,  ores.  Engng.  A  Cement 
Wld.  (July  1,  1918)  IS,  78. 

SuLPHUB  materials — ^their  production,  distri- 
bution, and  control.  Am.  FertiliMer  (July 
20,  1918)  49,  25-7. 

SuLPHUB,  Government  takes  over.  MacCuUoch. 
C.  India  Rubber  Wld.  (Aug.  1,  1918)  88, 
652  "-3. 

Stdvabangeb,  iron  ore  deposits.  Jernmalmfelt. 
Tek.  Ukeblad  (June  7,  1918)  IM,  295-8. 

Talc  and  soapstone  in  1917.  J.  S.  Diller,  U.  S. 
Geol.  Sur.  Dept.  of  Interior.  Mineral 
Reeourcea  of  U.  S.     Pt.  2,  No.  6,  81-4. 

Tin  deposits  in  Virginia.  Min.  A  Sei.  Pr. 
(July  13,  1918)  IIT,  54. 

Titanium  and  rutile.  Engng.  (July  12.  1918) 
106,  50. 

TuNOSTEN  ores  in  southern  Rhodesia.  H.  B. 
Maufe,  South  Afr.  Min.  Jnl.  (May  18.  1918) 
ST,  61;  II  (May  25,  1918)  ST,  78-9.     Serial. 

Tungsten  deposits.  Jnl.  Roy.  Soc.  Arts. 
(June  28,  1918)  66,  514. 

Tungsten.  Quelques  matidres  n^ceaeaires  k 
I'industrie  ^lectrique;  le  tungatdne.  Rev. 
Oen.  Elec.  (July  20,  1918)  4,  87-94. 

Tungsten  producers*  tariff  board  hearing. 
Engng.  A  Min.  Jnl.  (July  13,  1918)  106,  75-6. 

Ukbaine,  mining.  Mineria  en  Ukrania.  Rev. 
Minera  (June  8,  1918)  69,  279;  (June  16. 
1918)  69,  299. 

Wab  purposes,  minerals,  and  metals.  Arit.  Min. 
Jnl.  (Aug.  1918)  S,  11-15.     Serial. 

Wab  minerals  bill  hearing.  Arvt.  Min.  Jnl. 
(July.  1918)  S,  19-21. 

Wab  minerals  bill.  V.  H.  Manning,  Min.  A  Sci. 
Pr.  (June  29.  1918)  116,  883-94. 

Wab  minerals  bill.  G.  W.  Tower.  Jr.,  Min.  A 
Sci.  Pr.  (July  27.  1918)  117,  111. 

Why  waste  national  resources?  Iron  Tr.  Ret. 
(Aug.  8,  1918)  6S,  299. 

WoLFBAM.  import  duty  on.  M.  R.  Lamb. 
Engng.  A  Min.  Jnl.  (July  27,  1918)  106,  182. 
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Znic,  bounty  on.  Canod.  Min.  Jnl.  (July  1. 191g) 
S9,  226. 

Zinc,  benefits  to  be  derived  from  close  co6peratioB 
of,  mining  and  smelting  interests  in  helping 
win  the  war.  W.  R.  Ingalls,  Sngng.  A 
Min.  Jnl.  (Aug.  3.  19lS)  106,  217-21. 
Address  delivered  before  Am.  Zino  InsL 

Zinc  in  Missouri,  Kansas,  Oklahoma,  and 
Arkansas.  O.  Ruhl«  Sngng.  A  Min.  JnL 
(Aug.  17.  1918)  106,  302-4.  Address  to 
Am.  Zino  Inst. 

ZiBCONiA.  L.  Bradford,  Mineral  FoeU  NoUa 
(July-Aug.,  1918)  S,  2-5.  Paper  read  before 
Am.  Drop  Forge  Ass. 

MINING  GEOLOGY  AND  MINING 
PRACTICE 

(See  also  Coal  and  Ck>ke) 

AcciDBNTS,  mine.  F.  0.  Jarrett,  CotU  Age  (Aug. 
8,  1918)  14,  262-d. 

Alunitb,  locating  metalliferous  lodes  eontaining . 
Min.  A  Sci.  Pr.  (July  27.  1918)  IIT,  109-10. 

Apexss  and  anticlines.  R.  M.  Seares.  Min.  A 
Sci.  Pr.  (July  13,  1918)  IIT,  43-4. 

Blackoamp  in  mines.  Coll.  Ouard.  (July  6. 1918) 
116,  25. 

Blackoamp,  origin.  J.  I.  Graham,  Coll.  Guard. 
(June  21 .  19 18)  116, 1245-6.  Paper  read  be- 
fore I.  M.  E.  Iron  A  Coal  Tr.  Rew.  (June  14. 
1918)  96,  678.  Abstract  of  paper  before 
I.  M.  £. 

Blasting  methods  at  Ajo.  8.  U.  Champe, 
Weetn.  Engng.  (Aug..  1918)  9,  326-8.  Also 
in.  Min.  A  SH.  Pr.  (July  13.  1918)  UT,  46-6. 

BoBiNO.  Method  of  and  apparatus  for  forming 
and  enlarging  or  cavating  bores.  U.  8.  Pat- 
1269449.  Off.  Oat.  (June  11,  1918)  S61. 
404. 

Brakk  for  uphauls  for  mines.  W.  J.  Mow.  U.  8. 
Pat.  Off.Oas.  (July  80.  1918)  Sit,  1046. 

Brazil  and  its  mining  industry.     BrasU  i  sn 

industria  minera.     Inform.,  6oo.  Ing.  Pers 

(June,  1918)  SO,  287-8. 
BaiTiSH,  annual  report  of  the,  mines  department 

Monthly  Bull.  Canad.  Min.  Inst.  (Aug..  1918) 

689-92. 

British  Columbia,  mine  taxation.  J.  Hsrt, 
ArU.  Min.  Jnlt  (Aug..  1918)  S,  25. 

Cementation  process  at  the  Hatfield  Msin 
sinking.  Iron  A  Coal  Tr.  Rev.  (July  12* 
1918)  9T,  38-9. 

Cementation  process  applied  to  mining.  A.  H. 
Kiynauw.  Coll.  Guard.  (Aug.  2.  1918) 
116, 227-9.  Paper  submitted  to  Chem.  Met. 
A  Min.  Soc.  of  South  Africa. 

Cementation  repair  work.  Iron  A  Coal  Tr- 
Rev.  (July  19.  1918)  9T,  69-70. 

Chamber  blasting,  cable  drilling  and  block 
holding  methods.  Engng.  A  Contr.  (Au|. 
21.  1918)  60,  196-7. 

Coal  and  gas.  instantaneous  outburst,  at  Bedford 
Collieries,  Leigh.  F.  N.  SiddaU.  Trnnt. 
Instn.  Min.  Engrs.  (July.  1918)  66,  210-9. 

CoAL-cutter,  new  British  Jeffrey  longwsll- 
Iron  A  Coal  Tr.  Rev.  (Aug.  2,  1918)  ST,  123. 

Coal.  Orient  mine  of  Franklin  County,  minoii. 
G.  W.  Harris,  Coal  Age  (Aug.  22.  1918) 
14,344-9. 

Coal  cutting.  R.  J.  Tugwood.  British  Pat 
116231.     Illue.  Off.  Jnl.  (July  31,  1918)  1531- 

Coal  cutting.  R.  J.  Tugwood.  British  Pst- 
116230.     Illue.  Off.  Jnl.  (July  31. 1918)  1530- 

Coal  cutting.  R.  J.  Tugwood.  British  Pat- 
116229.     Illue.  Off.  Jnl.  (July  31. 1918)  1530. 

Coal,  improvements  in,  mining  methods.  H.  B. 
Stock.     Co€d  Ind.  (Aug^918)  1,  286-9. 
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Coal  dust,  dangerous.     Set.  A  Art.  of  Min.  (July 

13,  1918)  »,  46^3. 

Coal  mining  problems  in  Washington.  F.  A. 
HiU.  Coal  Ind,  lAug.,  1018)  1,  298.  Reprint 
from  A.  I.  M.  E.  Bull.  136. 

Coal.  New  plant  of  pioneer  operation  in  Frank- 
lin County,  IllinoiiB.     Coal  Age  (Aug.  8, 1918) 

14,  252-5. 

Coal.  Speeding  up  mining  in  shallow  drifts. 
C.  H.  Kirchgasser,  Coal  Aoe  (Aug.  1,  1918) 
14,  262-3. 

Coal,  method  of  mining.  H.  A.  Kuhn,  U.  S.  Pat. 
1268584.     Off.  GoM.  (June  4.  1918)  851,  146. 

Coal.  ^  Increased  production  by  use  of  modern 
mining  machinery.  M.  Raymond,  Coal  Age 
(July  20,  1918)  14,  127-9. 

Coal  mining,  snapshots.  Coal  Age  (July  13, 
1918)  14,  64-5. 

Coal  mining  machine.  A.  Rea,  U.  8.  Pat. 
1271617.     Off.  Oaz.  (July  9,  1918)  US,  276. 

CoLLiXRixB,  Hardwick,  new  ventilating  fan. 
Iron  A  Coal  Tr.  Rev.  (July  26,  1918)  97,  91. 

CoLUEBT,  Britannia.  Iron  A  Coal  Tr.  Rev.  (July 
26,  1918)  97,  98^. 

CoLLXBRT,  modern.  O.  Hann,  Proe.  South  Wales 
Inst,  of  Engrs.  (July,  1918)  84,  215-38. 

Colliery  manager  and  State  ownership.  Iron 
A  Coal  Tr.  Rev.  (June  7.  1918)  96,  648-9. 

CoNStf station  of  miners  by  employment  of 
mechanical  equipment.  Coal  Age  (July  25, 
1918)  14,  162-7. 

Copper  deposits  of  Cerro  Verde,  notes.  Apuntes 
sobre  el  vacimiento  de  cobre  en  Cerro  Verde. 
C.  Basadre,  Inform.  Soc.  Ing.  Peru  (July  20, 
1918)  SO,  341-4. 

Copper  field,  Southwest.  J.  R.  Finlay.  Engng. 
A  Min.  Jnl.  (Aug.  3,  1918)  lOt,  199-205. 

Copper,  relative  importance  of  large  and  small 
mines.  B.  S.  Butler,  Metal  Rec.'{i\Ay,  1918) 
4,  188-90. 

Copper  mining  and  refining  in  British.  Columbia. 
E.  Jacobs,  Canad.  Min.  Jnl.  (July  1,  1918) 
S9,  320-3. 

CoppER-silver  veins  of  the  Telkwa  District, 
British  Columbia.  Dolmage,  Econ.  Geol. 
(July,  1918)  8,  349-80. 

Cornish  mining  development.  Engng.  A  Min. 
Jnl.  (Aug.  3,  1918)  106,  213. 

Decisions  of  mines  and  mining,  abstracts  of  cur- 
rent, Dept.  of  Interior,  Bureau  of  Mines, 
Bull.  164,  1-147. 

Depletion  of  copper  mines  in  relation  to  income 
tax  returns.  W.  B.  Gower,  Jnl.  of  Account- 
ancy (Aug.,  1918)  S6,  81-02.  Thesis  read  at 
Am.  Inst,  of  Accountants. 

Diamond  drilling  for  salt.  Mine  A  Qiuarry  (July, 
1918)  10,  1074-5. 

Diamond  drill  outfit,  gasoline  driven.  J.  M. 
Longyear,  Jr.,  Engng.  A  Min.  Jnl.  (Aug.  24, 
1918)  106,  343-5. 

Drill,  coal  mine.  J.  A.  Walker,  U.  S.  Pat. 
1271396.     Off.  Oaz.  (July  2.  1918)  S6S,  179. 

Drill  bits  and  drill  steel,  forging,  selecting  and 
tempering.  Engng.  A  Contr.  (Aug.  21,  1918) 
50. 189-92. 

DRnriNG  and  arching  a  roadway  in  a  Scottish 
mine.  Iron  A  Coal  Tr.  Ret.  (Aug.  2,  1018) 
•7,  117. 

Dust  prevention  in  Transvaal  mines.  Engng.  A 
At  in.  Jnl.  (Aug.  10,  1918)  106.  249-53. 
Abstract  of  paper  read  before  South 
African  Inst,  of  Engrs. 

Dust  inhalation  in  mines.  Sci.  Am.  Sup.  (Aug. 
24.  1918)  S,  119. 

Dust,  estimating  injurious,  in  mine  air  by  the 
Kotse  Kommeter.  J.  Irmes,  Coll.  Guard. 
(June  21.  1918)  116.  1248. 
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Dust  inhalation,  effects.  J.  8.  Haldane.  Iron  A 
Coal  Tr.  Rev.  (June  14.  1918)  M»  673. 

Duties,  removal  of,  on  mining  machinery.  N. 
W.  Campbell,  Canad.  Min.  Inst.  BulL  (July. 
1918)  629-31.    Letter. 

Education,  superior  mining.  Per  I'insegn  am«»- 
to  minerario  superiore.  Ingegn.  Ilahana 
(June  27.  1918)  1,  425-6. 

Electric  winding  plant,  some  notes  on  efficient 
cies  and  costs  of  steam  and,  H.  W.  Qayden, 
Trana.  South  Afr.  Inst.  Elect.  Engra.  (June. 
1918)  9,  91-3. 

Electrical  services  in  mines,  earthing.  ColL 
Guard.  (July  12,  1918)  116,  70-1. 

Electrical  methods  are  speeding  up  coal-mining 
operations.  II.  EUe.  Ree.  (Aug.  24,  1918) 
S4, 21-3.     Serial. 

Electrical  labor-saving  devices  in  coal  mining. 
G.  Bright,  Coal  Age  (July  20,  1918)  14, 
116-20. 

Electrical  engineering,  consideration  of  items  of 
practical  imi>ortance  in  oonneotton  with  min- 
ing. C.  Jones,  Proe.  South  Wales  Inst,  of 
Engrs.  (July,  1918)  84,  159-212. 

Elbctricitt  in  coal-mining  operations.  F.  Hosk- 
inson.  Elect.  Rev.  (Aug.   24,  1918)  TS,  287-9. 

Electricity  in  mining.  L.  Folkes,  Sei.  A  Art 
Min.  (July  13,  1918)  S8,  458-9;  (July  27. 
1918)  SS,  472-3. 

Elbctricitt  in  coal-mining  operations  F.  Husk- 
inson.     Elect.  Rev.  (July  20,  1918)  TS,  81-2. 

Electrification,  coal  mine.  Editorial.  SlecL 
Rev.  (Aug.  24,  1918)  TS,  293-4. 

Electricity  in  coal-mining  operations.  F.  Husk- 
inson,  EUct.  Rev.  (Aug.  17,  1918)  TS,  245-7. 

Entry  progress,  tabulation.  O.  H.  Hampsch, 
Coal  Age  (July  13.  1918)  14,  63. 

Error,  evaluation  of.  Wenlock.  Set.  A  Art  Min. 
(July  13,  1918)  S8,  456-8. 

Essential  mining  industries.  JfofifUy  Bull 
Canad.  Min.  Inst.  (July,  1918)  593-7. 

Examinations  for  colliery  manager's  certificatea 
of  competency.  Iron  A  Cocu  Tr.  Re9.  (May 
31.  1918)  96.  613-4. 

Examinations,  questions  and  answers  from  mine 
foreman.     Coal  Ind.  (July,  1918)  S,  271. 

Examination,  report  on  interesting.  J.  J- 
Bourquin,  Coal  Ind.  (July,  1918)  S,  262-5. 
Method  of  testing  competency  of  men  for 
mine  officials. 

Explosion,  report  on  a  coal  dust,  at  Ironbridfe 
Colliery,  Denniston.  F.  Reed,  New  Zealni 
Jnl.  Sci.  A  Tech.  (May,  1918)  1,  177-80. 

ExPLoervES,  coal.  war.  J.  H.  Broughtoo, 
Coal  Age  (July  25.  1918)  14,  158-61;  (Aos. 
1.  1918)  14,  214-16;  (Aug.  8,  1918)  14, 
258-61. 

Explosives,  progress  of  liquid  oxygen.  Comjf. 
Air  Mag.  (Aug..  1918)  SS,  8860-1. 

Faults,  and  rolls  in  coal  seams,  notes.  I- 
Thomas,  Iron  A  Coal  Tr.  Rev.  (May  31, 
1918)  96,  616-7. 

Fire  at  Utah-Apex  mine.  V.  S.  Rood  and  J.  A. 
Norden,  Safety  Engng.  (June,  1918)  U, 
356-64.     Reprint  from  \.  I.  M.  E.  Bull.  138. 

FiRE-damp  or  methane.  Wenlock,  Sci.  A  Art 
of  Min.  (July  27,  1918)  S8,  470-2. 

FiREPROOFiNG  mine  shafts  with  cement.  Engvg. 
A  Cem.  Wld.  (July  15,  1918)  S,  30-1. 
Reprint  from  A.  I.  M.  £.  Bull.  135. 

Foreman,  mine,  a  factor  in  production.  Ceal 
Ind.  (July,  1918)  S,  2^5-6. 

Freight  rate  advance,  and  the  gold  misioc 
industry.  Min.  Cong.  Jnl.  (July.  1918)  i, 
242. 

Gab.  testing  for,  in  mines.  H.  E.  Gray,  Cool 
Age  (Aug.  1,  1918)  14,  217-«. 
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GsoLOQiCAL  examination  of  ooal  properUes. 
C.  R.  Fettke.  Coal  Ind.  (July,  1918)  S, 
248-0. 

Gold,  price  of,  and  the  low  grade  mines.  South 
Afr.  Min.  Jnl.  (June  29.  1018)  17,  204-5. 

Gold  dredge.  L.  R.  Gage,  U.  S.  Pat.  1270142. 
Off.  Qaz.  (June  18.  1018)  261,  625. 

Gold  production  in  the  Transvaal,  monthly 
analysis.  Trannaal  Chamber  of  Minet  (May, 
1018). 

Gold    mines  of  northwest  Madagascar.  Mines 

d'or  du  nord  ouest  de  Madagascar.  M.  E. 

Gruner,    Mem.    Soc.   Ingen.   Civile,  France 
(Jan.-Mar.,  1018)  71,  43-55. 

Gold  mining  in  Western  Australia.  T.  Buteman, 
Chem.  Enong.  A  Min.  Rev.  (June  5,  1018) 
10, 260-4;  (July  5, 1018)  10,  207-301.    Seriid. 

Haulagb,  electric  mine.  T.  O.  Hughes,  Coal 
Age  (Aug.  1, 1018)  14, 233-4.     Letter. 

Haulage,  aerial.  Sci.  St  Art  of  Min.  (July 
13,  1018)  tS,  464-5. 

Hazblton  Gold  and  Cobalt  Mines  Ltd.  Min. 
A  Engng.  Ree.  (May  31,  1018)  tS,  02-5. 

HsADPBAifx,  Steel  cantilever  hold,  over  mine 
shaft.  Engng.  dk  Min.  Jnl.  (Aug.  10,  1018) 
106,  266-7. 

HoiSTiNa  with  steel  cables.  E.  Levy,  Weetn. 
Engng.  (Aug.,  1018)  0,  315. 

HoiBTiNO  by  stages  from  deep  mines.  R.  A. 
Balsari,  Min.  dk  Sci.  Pr.  (July  13,  1018) 
117,  57-8. 

HoiSTXNO.  Electric  winding  engines  and  mine 
hoists.  H.  H.  Broughton.  Electrician  (July 
5,  1018)  81,  206-0.     Serial. 

Hoisting.  Motor  driven'  shaft-hoist  installation. 
R.  P.  Hin^s,  Coal  Age  (July  13,  1018)  14, 
50-4. 

HoT-air  engines.  Sci.  dt  Art  of  Min.  (July  13, 
1018)  16,  466-7. 

HowB  Sound  Company  (description  of  mine). 
Min.  A  Engng.  Rec.  (May  31,  1018)  18, 
05-102. 

Iron  ore  deposits.  Sydvaranger  jernmalmfeit. 
Tek.  Ukehlad  (July  5.  1018)  66,  353-7. 

Jzic  Butler  Tonopah  loses  appeal.  Engng.  A 
Min.^  Jnl.  (July  13.  1018)  106,  64-5. 
Opinion  of  Supreme  Court. 

KooTCNAT,  mining  in.  B.  C.  Jacobs,  Canad. 
Min.  Jnl.  (July  15.  1018)  60,  23^-0. 

Lamps,  holder  for  miners'.  J.  M.  Roberts, 
U.  S.  Pat.  1271368.  Off.  Oat.  (July  2,  1018) 
161,  173. 

Lampropbyre  dikes  near  Santaquin,  and  Mount 
Nebo,  UUh.  G.  F.  Loushlin,  U.  S.  Geol.  Sur. 
Profeaaional  paper  120-fi,  101-0. 

LsABBS,  new  mining  act;  chief  provisions. 
South  Afr.  Min.  Jnl.  (June  1.  1018)  17, 
100. 

Limestone  quarry  practice.  J.  Van  I^ar  and  H. 
G.  Ireland,  Concrete  (Aug.,  1018)  IS,  20. 

Long  WALL  mining  at  La  Salle.  Illinois.  G.  W. 
Harris,  Coal  Age  (Aug.  20,  1018)  14,  388-02. 

Low-grade  mines,  outlook.  C.  D.  Leslie.  South 
Afr.  Min.  Jnl.  (June  S,  1018)  17.  132-3. 

Lubrication,  coal  production  and  mine  car. 
Coal  Ind.  (July,  1018)  1,  250-2. 

Machines,  notes  on  operating  mining.  M. 
Dempetcr,  Iron  A  Coal  Tr.  Rev.  (June  7, 
1018)  96,  646. 

Mag.netism.  terrestrial,  in  relation  to  mine 
surveying.  C.  Chree,  Coll.  Guard.  (June  14, 
1018)  116,  1103-4;  (June  21,  1018)  116,  240- 
53.     Serial. 

Mamganebe  industry  possibilities  in  Msrsore. 
Indian  Ind.  (April,  1918)  16,  354-6. 

Manganese,     possibilities     in     Montana,     ore.    \ 
Iron  Tr.  Rev.  (Aug.  15,  1018)  66,  388-0. 
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Maonbsitb,  notes  on  the  possible  origin  of.  near 
Valley,  Washiagton.  O.  P.  Jenkins,  Scon. 
Oeol.  (July.  lOlS)  8,  381-4. 

Mabslb  in  Riwaka-Takaka  District.  J.  Hender> 
son.  New  Zealand  Jnl.  Sci.  A  Tech.  (May, 
1018)  1,  176-7. 

Mbtahambbb,  mines  of,  Nucstra  ezcuxsioD  s 
Metahambre.  J.  I.  del  Corral,  Ret.  Soc 
Cubana  Ing.  (July,  1018)  10,  301-422. 

MiNB  valuation,  formulas.  W.  W.  Whitton, 
Min.  A  Sci.  Pr.  (Aug.  10.  1018}  117.  179. 
Letter. 

MiNB-car  axles.  B.  P.  liebermann.  Coal  Age 
(Aug.  1,  1018)  14,  210-22. 

Mining  machine.  F.  C.  Morgan,  U.  8.  Pat. 
1271107.     Off.  Oat.  (July  2,  1018)  161,  126. 

Mining  and  loading  machine.  E.  C.  Morgan, 
U.  S.  Pat.  1271108.  Off.  Oag.  (July  2.  1918) 
161,  126. 

Mining  machine.  E.  C.  Morgan,  U.  8.  Pat. 
1271190.     Off.  GaM.  (July  2.  1018)  161,  127. 

Molybdenum,  mining  and  metaUurncal  treat- 
ment of,  ores  in  Canada.  C.  C.  Mackeniie, 
Trane.  Roy.  Canad.  Inst.  (Nov.,  1918)  11, 
260-80. 

Moving,  ooal,  earth,  etc.,  and  stacking  apparatos. 
L.  Pickering,  New  Zealand  Pat.  38736.  PaL 
Off.  Jnl.  (June  27,  1018)  7,  250. 

Nbw  Cornelia  Copper  Company's  plant  a  succtsb. 
R.  B.  Leach,  Min.  A  Oil  Bull.  (July,  191S) 
4,  315-8. 

Nitrate  problems.  Problemas  salitreroe.  P. 
RosUt,  Bol.  Soc.  Form.  Fabril  (Mar..  1918) 
66,  140  -53. 

Outpct,  can  it  be  increased  scientifically?  W.  E. 
Joyce,  Coal  Age  (Aug.  22,  1018)  14,  356-7. 

Overwinding  and  controlling  devices  for  winding 
engines.  H.  Newbery,  Trana.  South  Air. 
Inst.  Elec.  Engrs.  (Apr.,  1018)  0,  50. 

Pit  props,  reinforced  concrete.  M.  Meredith. 
Coal  Age  (Aug.  22,  1018)  14,  362. 

Props,  mine.  Butterley  A  Co.,  British  Pst. 
115506.     Illue.  Off.  Jnl.  (July  10, 1018)  1294. 

QuARRTiNO  rock  with  explosives.  Du  Pont  Mag. 
(Aug.,  1918)  0,  4-8. 

Quarts,  contribution  to  the  question  of  the  origin 
of,  dike  Iddney  ore  of  Central  Sweden.  G.  T. 
Lindroth.  Bidrag  till  Frasan  om  de  MeDans- 
venska,  Kvartarandiga  Blodatenamas  gene- 
sis. Tek.  Tidekrift  Kemi.  (May  20, 1018)  46, 
65-72. 

Queensland  mining  in  1017.  Aftn.  Jnl.  (July 
27,  1018)  111,  447-8. 

Rand,  survey  office  on.  E.  M.  Weston,  Engng. 
A  Min.  Jnl.  (July  13,  1018)  106,  5^-61. 

Rand  mining  conditions.  Presidential  address. 
H.  F.  Marriott,  Inst.  Min.  ft  Met.  BvU.  163, 
1-21. 

Rand,  mining  on  the.  H.  T.  Marriott,  Min.  dt 
Sci.  Pr.  (July  20, 1018)  117, 77-86.    Ed.  72-3. 

Rescue  and  first-aid  contest  at  Lethbridge.  M. 
Johnson,  Monthly  Bull.  Canad.  Min.  Inst 
(Aug.,  1018)  720-33. 

RocK-drill  accessory  equipment,  efficiency  test. 
C.  F.  Willis,  Engng.  A  Min.  Jnl.  (Aug.  17. 
1018)  106,  287-02. 

Rock  drill,  choosing.  J.  F.  Berteling,  Min*  A 
Quarry  (July,  1018)  10,  1060-73. 

Rock  drilling  apparatus.  R.  H.  Adams.  U.  3. 
Pat.  1269147.  Off.  Oaz.  (June  11,  1018)  til, 
321. 

Rock  drills.  J.  H.  Veasey,  British  Pat.  115442. 
Illue.  Off.  Jnl.  (July  3,  1018)  1243. 

Safbtt  lamp  installation  at  Plenmeller  CoIIienr. 
Halt  whistle,  Northumberland.  G.  RsVf 
Iron  A  Coal  Tr.  Ret.  (May  31,  1018)  N, 
600-10. 
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Safstt  lampa,  substitutes  for  gasoline  for.  Suoe- 
daneos  de  la  gasolina  para  lamparas  mineras. 
Rev.  Min.  (June  16.  1918)  et,  303. 

SAFXTT-etop  for  mine  cars.  8.  Verbitsky,  U.  S. 
Pat.  1269083.  Off.  Otu.  (June  18,  1918)  tai, 
682. 

Sandfillino  of  mines.  C.  H.  Greathead,  Jnl. 
Chem.  Met.  A  Min.  Soc.  of  South  Africa 
(Apr.,  1918)  18,  236-40. 

Shaft  of  small  diameter,  repair  of  a  circular.  S. 
Chambers,  Iron  db  Coal  Tr.  Rev.  (June  14, 
1918)  96,  670-1. 

Shaft  for  wat«r  hoisting  and  ventilation.  Coal 
Age  (Aug.  29.  1918)  U,  397-400. 

Shaft  pillars,  sise,  in  mines.  Coal  Age  (Aug.  1, 
1918)  14,  230.     Editorial. 

Shaft  sinking,  employment  of  divers.  Engng.  A 
Contr.  (July  17,  1918)  50,  67-8. 

Shaft  timbers,  lowering.  C.  T.  Rice,  Engng.  A 
Min.  Jnl.  (Aug.  3.  1918)  106,  222. 

Signal  for  mine  railwasrs.  J.  A.  Muir,  U.  8.  Pat. 
Off.  Gai.  (July  30,  1918)  t6S,  1045. 

Silicosis.     Coll.  Guard.  (July  12,  1918)  116,  78. 

SiLVBR  deposition  and  enrichment  at  Cobalt,  Ont. 
P.  S.  Smith,  Econ.  Geol.  (July,  1918)  8,  385- 
99. 

SNOW-bird  mine.  S.  C.  Reynolds,  Coal  Age  (July 
13,  1918)  14,  58-9. 

Spratbr for stone-dustingin  mines.  A.  Rushton, 
Traru.  Instn.  Min.  £ngrs.  (July,  1918)  98, 
219-21. 

Stand ARDiZEo  systena  of  mining.  Coal  Age  (Aug. 
8,  1918)  14,  266. 

Steel  guides  in  shafts.  J.  Whitehouse,  Jnl. 
South  Afr.  Inst.  Engrs.  (June,  1918)  16, 
200-6. 

Stbbl  mine  tics.  G.  A.  Richardson,  Coal  Age 
(July  20,  1918)  14,  112-5. 

Stopbs,  caved,  in  narrow  veins,  recovering.  III. 
C.  T.  Rice,  Engng.  A  Min.  Jnl.  (Aug.  10, 
1918)  106,  243-8.     Serial. 

Stripping  with  an  electric  shovel.  W.  G.  Bur- 
roughs, Coal  Ind.  (July,  1918)  S,  259-60. 

Sulphur,  continuing  of  the  Sicilian,  Association 
for  another  twelve  years.  Poroga  del  con" 
sorsio  zolfifero  Siciliano.  F.  Agnello,  Ingegn. 
Italiana,  No.  26,  1,  393-6. 

Sulphur,  Utah,  to  be  worked  upon  a  large  scale. 
W.  C.  Higgins.  Salt  Lake  Min.  Rev.  (June  30, 
1918)  SO,  19-21. 

Sulphur,  pyrites,  and  sulphuric  acid  In  1917.  P. 
Smith,  U.  S.  Geol.  Sur.  Dept.  of  Interior. 
Mineral  Resourcee  of  U.  S.  Pt.  2,  No.  4, 
1^-62. 

SuRVBTiNG,  future  aspect  of  mine.  J.  Proctor, 
Coll.  Guard.  (July  19,  1918)  110,  121-2. 

Tajcation  as  it  affects  the  mining  industry  of 
Canada.  Alas.  Northw.  Min.  Jnl.  (Aug., 
1918).  IS,  25-6. 

Taxing  the  mining  industry.  F.  H.  Allen,  Engng. 
<k  Min.  Jnl.  (Aug.  17.  1918)  106,  310-11. 

Thin  seam,  working  by  ooal  cutters,  and  face 
conveyors.  S.  T.  Boam,  Iron  dt  Coal  Tr. 
Rev.  (July  5,  1918)  07,  12-3. 

Timbers,  dog  for  lowering  mine,  into  stopes. 
Engng.  A  Min.  Jnl.  (Aug.  3,  1918)  108, 
222. 

Tin,  Butler's  mine,  Torrington,  N.  S.  W. 
Chem.  Engng.  Min.  Rev.  (June  5,  1918) 
10,  265-6. 

TuAPBKA     district,     Ontral     Otago,     division. 

feology    of.     P.     Marshall,     New    Zealand 
)ept.  of  Mines.     Bull.  No.  19,  1-79. 

Tcngsten  minerals,  uses  of  oiqchonine  in  the  as- 
say. H.  W.  Hutchin.  Instn.  Min.  A  Met. 
BuU.  166.    (July  25. 1918)  1-5. 
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I    TuNOSTBN,  Ouelquee  mati^res  premidres  ntos- 
!  saires  4  1  Industrie  61ectrique,  le  tungst^ne. 

I  D.  Pector.  Rev.  Gen.  Elec.  (July  27.  1918) 

4,  121-5. 

Tungsten,  Genesis  of,  ores.  Pt.  III.  Sehselite 
deposits.  R.  H.  Rastall,  Oeol.  Mag.  (Joly, 
1918)  8,  293-6.     Serial. 

Tunnel  blasting  at  Chuquicamata.  E.  E. 
Barker,  Afin.  A  Set.  Pr.  (Aug.  17.  1918) 
117,  213-23. 

Vbntilatino  pipes  for  colliery  purposes.  W.  P. 
Wrightoon,  British  Pat.  115555.  Coll. 
Guard.  (June  21,  1918)  118,  1264. 

Wasteful  methods  in  mining.  R.  G.  M. 
Bathgate.  Sci.  A  Art  of  Min.  (July  27,  1918) 
S8,  473-^. 

Watbr.  Handling  mine.  H.  £.  Cole.  Coal  Age 
(Aug.  8.  1918)  14,  264-6. 

Whitbpinb  section  of  the  Tomiohi  District. 
J.  E.  Dick.  Engng.  A  Min.  Jnl.  (Aug.  24, 
1918)  108,  331-3. 

Winding  plant,  notes  on  the  overhead  koepe,  at 
Plenmeller  CoUiery,  Halt  whistle,  North- 
umberland. G.  Raw,  Trane.  Instn.  Min. 
Engrs.  (July.  1918)  88.  170-88. 

Wire  ropes,  factor  of  safety.  South  Afr.  Min. 
Jnl.  (June  8.  1918)  S7,  146-7.     Serial. 

Wire  ropes  used  for  winding  in  mine  shafts, 
factor  of  safety.  J.  A.  Vaughan,  Jnl.  South 
Afr.  Inst.  Engrs.  (June,  1918)  18,  196-200. 

ORE-DRESSING,  Ain>  PREPARA- 
TION OF  COAL 

I    AiR-lift  for  handling  tailings.     H.  S.  Campbell, 
I  Compr.  Air  Mag.  (Aug..  1918)  SS,  8836. 

i  Borates,  method  of  separating  from  their  gangue. 
H.  W.  Faulkner,  U.  8.  Pat.  1269170.  Off. 
Gag.  (June  11,  1918)  S81,  328. 

Briqubttino  of  lignites.  R.  A.  Rose,  Jnl. 
Engng.  Inst.  Canad.  (Aug.,  1918)  1,  162-8. 

Briqubtting.  present  knowledge  and  practice 
in.  iron  ores.  III.  G.  Barrett  and  T.  B. 
Rogerson.    Auiomot.    Engng.    (Aug.,    1918) 

5,  310-1.     Serial. 

Carnotite,  concentration  of  ores.  H.  8chlundt, 
Canad.  Pat.  183362.  Canad.  Pat.  Off.  Rec. 
(Apr..  1918)  998-9. 

Clasbifting  ores.  A.  ^L.  Bloomfield,  British 
Pat.  115184.  Illua.  Off.  Jnl.  (June  26, 
1918)     1145. 

Concentrating  ores.  W.  Maiiss,  British  Pat. 
111377.  Illus.  Off.  Jnl.  (Jan.  23,  1918) 
3360. 

Concentrating  ores.  A.  Richards,  British  Pat. 
115377.     Illua.  Off.  Jnl.  (July  3,  1918)  1212. 

Concentrating  ores.  E.  Trestrail,  British  Pat. 
115494.  Illue.  Off.  Jnl.  (July  10,  1918) 
1267. 

Cokcbntrating  ores.  J.  B.  Vogelsang,  British 
Pat.  115697.  Illu4.  Off.  Jnl.  (July  10,  1918) 
1332. 

Concentration,  calculating  percentage  of  re> 
covery.  A .  P.  H.  Mohne,  Min.  A  Sci.  Pr. 
(Aug.  10,  1918)  117,  192. 

Coal,  Fines  washing  plant  at  Llwynypia  C<^ery. 
Iron  A  Coal  Tr.  Rev.  (July  5,  1918)  97,  14. 

Coal,  appliance  for  washing  smaU,  RheolaTeur. 
W.  (jalloway.  Proc.  South  Wales  Inst,  of 
Engrs.  (July,  1918)  84,  105-24. 

Coal,  Marcus  screen  at  plants  of  the  Carotpt 
Coal  Co.  R.  G.  Miller,  Coal  Age  (July  25. 
1918)  14,  171-4. 

Coal  washing,  notes.  L.  Crawford.  Got  Wld. 
(July  6,  1918)  89,  78. 

Coal,  science  of  washing.  Coll.  Guard.  (Joly 
10,  1018)  118,  129.    Editorial. 
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Silver-Lead.  Copper  and  Pyritic  Smelting  Works,  Sampling  Works,  Copper  Bcsfemcriz- 
ing  Plants,  Rock  Crushing  Plants,  SUmp  Mills.  Chlorination  Mills.  Cyanide  Mills.  Cement 
Mills,  Timber  Creosoting  Plants,  Mine  Equlpnftnt,  Ore  Drying  Machinery,  Power  Trans- 
mission  IMachinery.  Apparatus  for  Pulverblng  and  Burning  Coal  for  Industrial  Purposes. 
Woodbury  System  of  Concentration,  Pachuca  Parral  and  Cyanide  Tanks,  Loomb«Petti- 
bone  Gas  Generators,  Suction  Gas  Plants  and  Oil  Engines. 

WilU  for  Catalogt  Upon  the  Abova  Sobjaeta. 


SUPERIOR  McCULLY  GYRATORY  CRUSHERS 
OUR  NEW  DESIGN  (Patented) 

The  Last  Word  in  GyrEtory  Crusher  Construc- 
tion, Life  of  "Eccentric  and  Gears"  Lengthen^ 
"200%,"  Because  All  "Dust  and  Grit"  is  Absolute- 
ly Excluded  and  "Cut  Gears"  run  "QuieUy  in  OU/' 
Main  Shaft  60%  Stronger  than  any  Gyratory  of 
Corresponding  Opening:  Area  of  Eccentric,  zoo% 
Greater  than  any  Machine  of  Equal  Sice. 

Capadiies — 30  to  xooo  tons  per  hour,  bidlt  in 
sizes  from  xo"  to  $4"  opening.  Ask  for  Bulletin 
of  this  new  machine. 

SUPERIOR  JAW  CRUSHERS 

We  were  the  Pioneer  Builders  of  Large  Jaw 
Crushers — ^Have  More  Large  Machines  in  Opera- 
tion than  all  other  Manufacturers  Combined — ^Re- 
peat  Orders  for  84''  x  60''  Machines  from  Chile 
Copper  Co.;  Chino  Copper  Co.;  Hardaway  Co.; 
Luossavaara  Kurunavaara  Aktiebolag.  Built  In 
sizes  from  36"  x  24"  to  84"  x  66".  CapacUiet— 70 
to  600  ton  per  hour.    Ask  for  Bulletin  No.  44. 

COPPER  CONVERTERS  GT.  FALLS  TYPE 

Manufactured  in  two  distinct  designs,  known  as 
the  Cananea  or  Copper  Queen  t^pe,  and  the  Ana- 
conda type.  Both  designs  fumisned  with  side  or 
vertical  mow  tops,  of  any  desired  diameter  opening. 
Number  of  tuyeres  may  range  from  ao  to  28,  as 
desired.  Blast  connection  may  be  placed  on  either 
side  of  converter. 

GARFIELD  CRUSHING  ROLLS 

Manufactured  in  a  wide  range  of  sizes,  to  meet 
the  requirements  of  discriminating 
engineers,  who  demand  an  exception- 
ally efficient  and  worthy  design.  Most 
sizes  of  Garfield  Rolls  so  constructed 
as  to  permit  the  use  of  overstMe  roll 
shells.  A  wide  range  of  standard  de- 
signs, and  also  several  special  types  equipped  with  heavy,  fly-wheel  type  pullejrs. 


WORTHiNGTON  PUMP  AND  MACHINERY  CORPORATION 

115  Broadway^    -    New  York 


Power  and  Mining  Machinery  Works. 


Cudahy,  Wis, 


11459.  t 


[Please  mention  this  bulletin  when  writing  «dvertisera.] 
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CoprsR,  treatment  of,  ores.  W.  H.  Hyatt, 
Britiah  Pat.  116181.  Illtu.  Off.  Jnl. 
(July  31.   1918)  1612. 

CRUSHBiia  with  vibrating  jawa.  A.  Sohar, 
Britiah  Pat.  115424.  lUtu.  Off.  Jnl.  (J«ly 
3.  igi8)  1227. 

Crushino  and  eyaniding  in  a  Weet  African  mill. 
P.  T.  Bruhl,  Bngng.  A  Min.  Jnl.  (July 
13,  1918)  10«,  64-7. 

Effxcibnct  of  ball-mills.  Engng.  A  Min.  Jnl. 
(Aug.  17.  1918)  iO<,  819.     Editonal. 

FxiTBR  adjustments  at  Packard  Mill  at  Rochester, 
Nevada.  Bngng.  A  Min.  Jnl.  (Aug.  8, 
1918)   IM,  207-9. 

Flotation  of  silver  ores  in  Canada.  Flutuacao 
doe  minerais  de  prata  no  Canada.  Rev. 
Mineira  (May.  1918)  1,  3^-41. 

Flotation,  notes.  R.  W.  Diamond,  Canad. 
Min.  Inst.  Bull.  (July,  1918)  622-6. 

Flotation,  cascade  method  of  froth.  A.  W. 
Fahrenwald.  Min.  A  8ei.  Pr.  (July  20, 
1918)  117,  87--8. 

Flotation  apparatus,  its  design  and  operation. 
A.  W.  Fahrenwald,  Chem.  A  Mel.  Bngng. 
(Aug.  1.  1918)  19,  129-34. 

Flotation,  Flottaison  des  minerais.  Oinie 
Civil  (July  18.  1918)  7S,  32-4. 

Flotation  ^machine.  Ruth.  A.  J.  Hosldn, 
Min.  A  Hei.  Pr.  (July  27.  1918)  117,  119-21. 

Flotation,  efifect  of  addition  agents  in.  M.  H. 
Thomberry,  Bull.  Sch.  Mines  A  Met. 
(Nov.,  1917)  4,  1-48. 

Flotation,  use  of  oil  in,  concentration.  O.  C. 
Ralston,  Chem.  Bngng.  A  Min.  Rev.  (Mar. 
6,  1918)  10,  173. 

Flotation,  molecular  phyaics  of  ore.  W.  H. 
Coghill.  Chem.  A  Met.  Bngng.  (Aug.  15, 
1918)   19,  168.    Letter. 

Flotation  apparatus.  F.  B.  Flinn,  Chem.  A 
Met.  Bngng.  (Aug.  15.  1918)  19,  168-9. 

Gou>|  charcoal  precipitation  of,  in  evanide  solu- 
tions. Chem.  Bngng.  A  Min.  Rev.  (July  5, 
1918)  10.  309-10. 

Gold  separators.  B.  Tuggle,  Australian  Pat. 
4450.  Queeneland  Govt.  Min.  Jnl.  (May  15. 
1918)  19,  235. 

Grinding,  crushing,  etc.  A.  D.  Furse  and  A.  J. 
Neil,  British  Pat.  115542.  Illue.  Off.  Jnl. 
(July  10,  1918)  1273. 

Grinding  machine.  Lets  Manufacturing  Com- 
pany, Canad.  Pat.  183647.  Canad.  Pat. 
Off.  Ree.  (Apr.,  1918)  1146. 

Grinding  of  ore  in  ball-mills.  D.  H.  Fairohild, 
Bngng.  A  Min.  Jnl.  (Aug.  17, 1918)  106,  311. 

Maoquistrn  tube  flotation  machine.  C.  T.  Rice. 
Bngng.  A  Min.  Jnl.  (July  27.  1918)  100, 163. 

Magnetic  separators.  Fraser  A  Chalmers, 
British  Pat.  116228.  Illue.  Off.  Jnl.  (July 
31,  1918)  1529. 

-Mbtals  and  metal  industries  of  I^tin  America. 
P.  F.  Martin,  Metal  Ind.  (June  28,  1918)  11, 
485-7.     SeriaL 

Mineral  concentrator.  C.  Michaelsen  and  W. 
P.  Michaelson,  U.  S.  Pat.  1269198.  Off.  Gat. 
(June  11,  1918)  Ml,  335. 

ORR-separating  device.  R.  W.  Haddock,  U.  8. 
Pat.  1269704.  Off.  Oom.  (June  18,  1918)  SSI, 
607. 

ORE-separator.  F.  Gottfried,  U.  S.  Pat.  1272125. 
Off.  Gas.  (July  9.  1918)  MS,  419. 

ORR-separator.  R.  E.  Nelson,  U.  S.  Pat.  1272301. 
Off.  GoM.  (July  9.  1918)  SOS.  468. 

OxroEN  in  precipitating  gold  from  cyanide  solu-   ' 
tions.     T.  B.  Crowe.  Min.  A  Sci.  Pr.  (Aug.    • 
24.  1918)  117,  251-2.     Abstract  of  paper  in 
A.  I.  M.  E.  Bull.  No.  140. 
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Process  of,  and  apparatus  for  eonoentrating  orei. 
C.  J.  B.  Armstrong.  U.  S.  Pat.  1269150.  Off. 
Oom.  (June  11,  1918)  Sfll,  322. 

Process  of  concentrating  ores.  J.  M.  Callow, 
U.  8.  Pat.  1269157.  Off.  Oom.  (June  11. 1918) 
SOI,  324. 

Process  for  treating  ores.  H.  E.  Cleaves  and  F. 
W.  Horton.  U.  8.  Pat.  1268323.  Off.  Got. 
(June  4.  1918)  Ml,  72. 

Process  for  concentrating  ores.  K.  R.  Craoalsri 
British  Pat.  115199.  Illue.  Off.  Jnl.  (Jnae 
26.  1918)  1160. 

Process  for  concentrating  ores.  B.  H.  Dosen- 
bach.  U.  8.  Pat.  1268940.  Off.  Gom.  (Jont 
11,  1918)  SOI,  264. 

Procebs  for  ore  enriching.  K.  Sundberg,  Canad. 
Pat.  183479.  Canad.  Pat.  Off.  Ree.  (Apr.. 
1918)  1063. 

Process  for  obtaining  gold  and  stiver  from  their 
ores.  A.  A.  Lockwood,  New  Zeal.  Pst 
40059.  New  Zeal.  Pat.  Off.  Jnl.  (July  1I« 
1918)  T,  291. 

Process  of  gold  recovery,  sodium  sulphide.  F. 
Wartenweiler,  Instn.  Min.  A  Met.  Bull.  166 
(July  25,  1918)  1-13. 

Pvlvbrisino  apparatus.  D.  Marks  and  L.  Sl 
Atkinson,  (Janad.  Pat.  184049.  Canad.  Pst 
Off.  Ree.  (Apr..  1918)  1338. 

Purification  of  precipitates.  D.  Bums,  U.  8. 
Pat.  1272375.  Off.  Oom.  (July  16. 1918)  WUk 
516. 

Ptrite  briquettes,  process  for  making.    ProoCdi 

Sour  la  fabrication  de  briquettes  de  pvritsa 
f.  Pierron.  French  Pat.  486838.  Bull.  Off. 
Propria^  Indust.  Paris  (Mar.  7.  1918)  Ko. 
1779,  27. 

Roaster,  new  American  spirlet.  F.  J.  Hariov, 
Bngng.  A  Min.  Jnl.  (Aug.  17.  1918)  IH 
293-^. 

8BPARATING.  method  and  apparatus  for,  ores  and 
the  Uke.  A.  B.  Emery,  U.  8.  Pat.  12^643. 
Off.  Gom.  (July  16.  1018)  SOS,  691. 

Separation  of  ores  and  the  like.  A.  B.  Emerr. 
U.  8.  Pat.  1272642.  Off.  Gas.  (July  16. 1918) 
SOS,  591. 

8latb,  new  method  of  separating  from  coal.  H. 
M.  Chance,  Jnl.  Engrs.  Club,  Phila.  (Aur. 
1918)  00, 369-78.     Presented  at  Engrs.  Oiib. 

Spiral,  adjustable  separator.  J.  H.  Becker,  U.  8. 
Pat.  1270365.     Off.  Gas.  (June  26. 1918)  til. 

7n. 

Sulphide  ore  concentration.  J.  Hebbard,  Aus- 
tralian Pat.  2743.  Queensland  Govt  Min. 
Jnl.  (May  16.  1918)  10,  236. 

Tin  concentrating  plants  in  Cornwall.  Bngno-  ^ 
Min.  Jnl.  (Aug.  3. 1918)  100^  214-6.  Photo- 
graphs. 

Tin,  Neil  jig  tests  for.  dredging.  L.  H.  Eddv. 
Bngng.  A  Min.  Jnl.  (July  13.  1918)  106^  78. 

TiN-wolfram-lead  ore.  concentrating.  Min.  A 
Sci.  Pr.  (Aug.  3.  1918)  IIT,  162. 

TiTANic-ozid  concentrate  and  method  for  ohtaia> 
ing  the  same.  A.  J.  Rossi.  U.  S.  Pst- 
1272855.     Off.  Gas.  (July  16.  1918)  SOS.  «S2. 

Treating  ores.  F.  Rigaud.  British  Pat.  116263. 
Illus.  Off.  Jnl.  iW  31.  1918)  1541. 

Treating  ores.  J.  8.  Ross.  British  Pat.  115088. 
Illus.  Off.  Jnl.  (June  19.  1918)  1109. 

Treatment  of  ores.  G.  Vogelsang.  Austrabsa 
Pat.  422.  Queensland  Govt.  Min.  Jnl.  (Msj 
15,  1918)  10.  235. 

Washing  down  waste  or  culm  banks.  E.  B.  Wil- 
son. Coal  Ind.  (July,  1918)  267-8. 
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COAL  AND  COKE 

(See   also   Mineral   Resources,    Mining 

Geology  and  Mining  Practice,  and 

Ore-dressing  and  Preparation 

of  Coal) 

Anthbacitb.  Eautem  middle  field.  E.  B.  Wilson, 
Coal  Ind.  (Aug.,  1918)  Pt.  III.  292-4.     Serial. 

Anthracxtb,  Utiliiation  of  fine  grades.  Power 
(July  23,  1918)  48,  143-6. 

Amthracitb,  Northern  coal  field.  E.  B.  Wilson, 
Coal  Jnd.  (July,  1918)  I,  255-8. 

Blub  Diamond  coal  company.  W.  S.  Hutchison, 
Mine  and  Quarry  (J(uly.  1918)  10,  1058-64. 

Britibh  Columbia,  Coal  mining  in.  R.  Dunn, 
Coal  Age  (July  13,  1918)  14,  55-7.^ 

Btpsoduct  coke  oven  pressure  regulation.  C. 
H.  Bmoot,  Furnace  and  Steel  Plant  (Aug.  6, 
1918)  331-6.     Senal. 

Btproduct  coking  practice.  Some  character- 
istics of  American  coals.  F.  W.  Sperr,  Jnl. 
Franklin  Inst.  (Aug.,  1918)  186,  133-64. 

Btproductb,  Wastage  of  coke.  F.  Maccoy, 
Engno-  db  Min.  Jnl.  (Aug.  10,  1918)  106, 
254-6. 

Btproductb,  Recovery  of,  in  coke  manufacture. 
M.  Meredith,  Coal  Age  (July  13,  1918)  14, 
60-2. 

Byproducts,  Coke-oven,  in  1917.  Coll.  Ouard. 
(July  12,  1918)  116,  69-70. 

Canada,  Fuels  of  Western.  J.  White,  Jnl. 
Engng.  Inst.  Canad.  (Aug.,  1918)  1,  166-62. 

Canadian  Fuels,  Analyses  of.  Pt.  I.  E.  Stana- 
field  and  J.  H.  Nieolls,  Dept.  of  Mines,  Can- 
ada, Bull.  22  (1918)  1-28.  Pt.  II,  Bull.  23, 
(1918)  1-26.  Pt.  Ill,  Bull.  24,  1-16.  Mani- 
toba and  Saskatchewan.  Pt.  IV,  Bull.  26, 
1-68.  Pt.  V,  Bull.  26,  1-24,  British  Colum- 
bia and  Yukon  Territory. 

Clban  coal,  Emergency  and.  G.  H.  Elmore, 
Coal  Age  (July  20,  1918)  14,  122-6. 

Coal  mining  and  man  power.  F.  A.  Pocock, 
Coal  Age  (Aug.  22,  1918)  14,  360-1. 

Coke,  Development  of  the,  industry.  F.  C. 
Miller,  Coal  Ind.  (Aug.,  1918)  1,  302-4. 

Coke  industry.  An  innovation  in  the.  J.  L. 
Cans,  Coal  Age  (Aug.  8,  1918)  14,  256-7. 

CoKiNO,  British  Pat.  114971.  J.  A.  Yeadon, 
Illua.  Offi.  Jnl.  (June  19,  1918)  1064. 

Co  KINO.  Apparatus  for  converting  beehive 
ovens  into  byproduct  coke-ovens.  U.  S. 
Pat.  1269896.  B.  Zwillinger,  Off.  Got. 
(June  18,  1918)  261,  661. 

Conservation  in  use  of  coal.  Jnl.  Engrs.  Club 
PhUa.  (Aug.,  1918)  36,  390-9. 

Conservation  of  fuel.  H.  James,  Power 
Howe  (May,  1918)  11,  127-^. 

Control  Scheme.  Coal  mines,  II.  Scope. 
Iron  &  Coal  Trade  Rev.  (July  19,  1918) 
97,  68. 

Determination  of  volatile  matter  and  ash  in 
coal.  N.  H.  Humphreys,  Ga«  World  (June 
29,  1918)  68,  436-7. 

Economical  use  of  fuel.  Jnl.  A.  S.  M.  E. 
(July,  1918)  40,  603-60.  Papers  read  at 
Worcester  meeting. 

Evolution  of  coal.  Wonderful,  and  its  prospects. 
W.  Leighton,  Ga»  Jnl.  (June  11,  1918) 
142,  497-8.     Serial. 

Fatalities,  Monthly  statement  of  coal-mine, 
in  the  United  States.^  A.  H.  Fay  (April, 
1918)  Dept.  of  Interior,  Bureau  of  Mines. 
6-23. 

Flow  of  Air  through  small  coal  and  other  broken 
material.  J.  T.  Storrow,  Iron  and  Coal 
Tr.  Rev.  (June  14,  1918)  96,  672. 
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Fuel  economy  in  the  operation  of  hand-fired' 
power  plants.  Conlr.  Rec,  (July  3,  1918) 
82,  527-31. 

Fuel  Rbsearch,  Report  yOn  their  scheme  of 
research  and  on  the  establishment  of  a, 
station.  Dept.  of.  Set.  dt  Ind.  Reeearek^ 
London  (1918)  3-10. 

Handung,  Problems  of  coal.     W.  B.  Woodhouw, 
.     Electn.  (June  28,  1918)  81,  162-5. 

Impurities,  Economic  effect  of,  in  coal.  Sat. 
Enar.  (Aug.,  1918)  22,  391-2.  W.  N. 
PofakoT. 

Increasinq  coal  production,  A  suggestion  for. 
N.  D.  Levin,  Coal  Age  (July  20,  1918)  14, 
104-5. 

India,  Commercial  development  of  coal  in. 
S.  H.  Godfrey,  Indian  Engng.  (May  18, 1918) 
68.  279-80. 

Low-tempbbatubb  carbonisation  of  ooal.  Some 
aspects  of  the.  E.  C.  Evans,  Iron  A  Coal  Tr. 
Rev.  (July  26,  1918)  87,  88-9. 

Low-tbmpbbaturb  carbonisation  of  fuels.  Jnl. 
Engng.  Inei.  Canad.  (May,  1918)  i,  19-23. 

Lubrication,  Coal  production  and.  R.  Traut- 
scbold.  Coal  Age  (July  25.  1918)  14,  175-6. 

Maryland  coal  field.  Heart  of  the.  G.  L.  Yaste, 
Coal  Ind.  (Aug.,  1918)  1,  283-4. 

Mechanical  handling  of  ooal  and  coke.  Manu- 
tention  m^canique  dea  charbons  et  des 
cokes.    Qinie  Civil  (July  6,  1918)  10-2. 

Micro-chemical  examination  of  coal.  Coll. 
Guard.  (June  14,  1918)  116,  1195-6. 

Micro-chemical  oTamination  of  coal  in  relation 
to  its  utilisation.  J.  Lomaz,  Gae  World 
(July  6,  1918)  69,  82-3. 

National  coal  supply  and  its  utilisation.  C. 
G.  Gilbert  and  J.  E.  Pogue.  Gae  Agt 
(Aug.  1,  1918)  U,  97-100.  Serial.  Abo 
(Aug.  15,  1918)  42,  154-6. 

Origin  and  composition  of  coal.  Some  notes  <». 
G.  Knox,  Proc.  South  Wales  Inst,  of  Engn. 
(July,  1918)  84,  83-99. 

GxTGBN,  DifiTusion  of,  through  stored  ooal. 
S.  H.  Kats,  Dept.  of  Interior,  Bureau  of 
Mines.     Tech.  paper  170.     (1918)  3-47. 

President  Wilson's  proclamation  to  ooal  miners. 
Rg,  Rev.  (Aug.  17,  1918)  68,  264-5. 

PixvERiZBD  Coal,  Use  of.     H.  R.  Collins,  Engng- 

A   Min.  Jnl.   (Aug.   17,   1918)    106,  305-7. 

(Reprint  from  A.  I.  M.  E.  Bull.  136,  955.) 
Queensland.     Coal  near  Wondai.     Queensland 

Govt.  Min.  Jnl.  (May  16,  1918)  18,  207. 
Spain.     Coal  mining  developments.     Coll.  Guard. 

(July  6,  1918)  116,  30. 

Squandering  the  Nation's  heritage.  R.  H. 
Fernald,  Iron  Tr.  Rev.  (Aug.  8.  1918)  88, 323- 
7.  Abstract  of  paper  presented  at  Cleveisnd 
Engng.  Soc.  Reckless  expenditure  of  our 
coal    reserve. 

Storage  of  bituminous  coal.  H.  H.  Stoek, 
Power  Plant  Engng.  (Aug.  1,  1918)  U,  614-4' 

Storage  and  handling  of  gas  coal.  H.  H.  Stoek. 
Gas  Age  (Aug.  16,  1918)  82,  145-9. 

Storage  of  bituminous  ooal  with  reference  to  ita 
liability  to  spontaneous  combustion  in 
storage.  J.  H.  Anderson,  Eled.  Ret. 
(July  26.  1918)  88,  78-9. 

Stowing  coal  in  a  small  plant.  Elect.  World 
(July  27,  1918)  72,  148-9. 

Storing  coal  successfully.  Power  (Aug.  13, 
1918)  48,  248-9. 

Storing  small  coal.  M.  Meredith,  Coal  Ag^ 
(Aug.  8, 1918)14,265. 

Storing  soft  coal,  Detailed  facts  about.  H.  H. 
Stoek,  Black  Diamond  (July  29,  1918)  SI, 
48,  et  teg. 
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Strippino,  Increased  coal  output  by.  A.  G. 
Vicary.  Coal  Age  (July  20,  1918)  14,  94-6. 

U.  S.  Fuel  adminiatration,  Rulings  of.  Black 
Diamond  (July  20.  1918)  61,  52. 

VANComR  Island  collieries  are  permitted  to 
raise  price  of  coal.  Canad.  Min.  Jnl. 
(Aug.  f.  1918)  S9,  264. 

War  conditions,  Coal  problem  under.  H.  H. 
Stoek,  Coal  Ind.  (July  2,  1918)  253-5. 

War  conditions.  Coal  problem  under.  H.  H. 
Stoek,  Coal  Age  (Aug.  29,  1918)  14,  393-6. 

Weights  of  various  coals.  8.  B.  Flagg,  Dept* 
of  Interior,  Bureau  of  Mines,  TscA.  Paper 
184.     1-14. 

PETROLEUM  AND  GAS 

Alukd  Oil  policy,  Wanted,  an.  Petr.  World 
(July,  1918)  II,  269-73. 

Anqlo-Eotptian  oilfields,  Ltd.  Petr.  Ret.  (July 
20,  1918)  S9,  47. 

AusTRAUA.  Petroleum  and  natural  gas.  Indtut. 
Awtral  (June  27.  1918)  W,  .677-80.     Serial. 

Barbados.  Prospective  oilfields.  Jour.  Inst, 
of  Petroleum  Technologists  (April,  1918) 
4,  107-9.     Discussion.     ~ 

British  Empire,  Oil  producing  deposits.  E.  H. 
Cunningham-Craig,  Petr.  Rev.  (June  16, 
1918)  S8,  37a>4.  Also  (June  22,  1918)  88, 
391.     Serial. 

British,  oil  industry.  New.  Jour.  Inst,  of 
Petr.  Techn.  (April,  1918)  4,  110-57. 

BuRiiAH  Oil  Co.,' Ltd.  Exhaustive  review  of 
operations.  Petr.  Rev.  (July  20,  1918)  19, 
37-9.     Serial. 

Burmah  Oil  Co.,  Ltd.  Annual  meeting.  Min. 
Jnl.  (July  20,  1918)  111,  433-7.  Tells  in 
detail  of  present  conditions,  supply,  demand, 
ete. 

Caliporkia's  largest  oil-producing  region.  Petr. 
Rev.  (July  13.  1918)  89,  26. 

Canada,  Fuels  of  Western.  J.  WTiite,  Jnl. 
Engng.  Inst.  Canad.  (Aug.,  1918)  1,  155-62. 

Canadian  Oil,  Foreign  interests  in.  Petr. 
World  (July,  1918)  15,  277-8. 

CARBtTRETER  for  liquid  fucl.  U.  8.  Pat.  1271434. 
C.  H.  Claudel.  Off.  Oat.  (July  2,  1918) 
IBt,  190. 

Casino  and  pipe,  Renewing  crystallised.  F.  W. 
Harris,  Petr.  World  (July,  1918)  IB,  286-7. 

Chile.  Petroleum  and  the  nitrate  industry. 
Petroleo  i  la  industria  salitrera.  B.  D.  Oasa, 
Bol.  Soc.  Form.  Fabril.  (Mar.,  1918).  88, 
163-4. 

Critdb  Oil,  ^  Maximum  premiums  for,  approved 
by  National  petroleum  war  service  com- 
mittee. Oil  Trade  Jnl.  (Aug.,  1918)  9,  31^. 

Crude  Oil,  Stabilize  price  of.  Min.  db  Oil  BuU. 
(July.  1918)  319-20. 

Distillation  of  petroleum.  C.  P.  Dubbs,  Can. 
Pat.  183564.  Canad.  Pat.  Off.  Ree.  (April, 
1918)  46,   1105. 

Electrical  power,  Application  of,  to  oilfield 
requirements.  J.  W.  Burford,  Petr.  Rev. 
(June  8,  1918)  88,  363-4.  Serial  paper  read 
before  Inst.  Petr.  Techn.;  (June  Id,  1918) 
88,  381-2.  (June  22,  1918)  88.  399-400. 
(June  29.  1918)  88,  415-6.  AlMtract  in 
Petr.  World  (June,  1918)  18,  255-9  and  in  Iron 
A  Coal  Tr.  Rev.  (May  31,  1918)  98,  607-8. 

England,  Cfil  made  in.  Petr.  World  (June,  1918) 
1»,  225-6. 

Federal  Oil  Inspection  Board.  New  ruling  by. 
Min.  db  Oil  Bull.  (July,  1918)  4,  813.  Oil 
industry  to  be  treated  as  industrial  unit. 

Federal  Oil  Inspection  Board  issues  new  wage 
scale  and  labor  classification.  Min.  A  Oil 
Bull.  (July,  1918)  4,  323-4. 
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Fbaitcs  and  the  use  of  petroleum.  M.  H. 
B^renger,  Petr.  Rev.  (July  6.  1918)  89, 11-12. 
Also  (July  13.  1918)  89,  27-^.     Serial. 

Fubl  Administration.  Director  Requa's  ad- 
dress. Oil  Tr.  Jnl  (Aug..  1918)  9,  20-4. 
Given  before  the  oil  men  at  Tulsa. 

Fubl  Administration.  Chairman  Bedford's  ad- 
dress. Oil  Tr.  Jnl.  (Aug..  1918)  9,  34-8. 
Given  at  Tulsa.  Okla. 

Fubl  Oil  in  Great  Britain,  Making.  J.  T.  Smith, 
Petr.  World  (June.  1918)  IB,  238-10. 

Gasolxnb,  Daily  loss  of  more  than  a  million  gal- 
lons of.  attributed  to  eareless  methods  in  the 
petroleum  industry.  Oil  Tr.  Jnl.  (Aug.. 
1918)  9.  46-7. 

Gasounb.  Absorption  method  for  eztracting. 
from  natural  gas.  G.  A.  Burrell.  P.  M. 
Biddison.  and  C.  G.  Oberfell.  Steam  (May. 
1918)  81,  134-5. 

Gauoino  Oil  and  water  from  wells.  Petr.  World 
(July,  1918)  IB,  290-2. 

Gboloot  as  related  to  the  oil  and  gas  business. 
E.  Carpenter,  Doherty  Newe  (Aug.. -1918)  4, 
5-10. 

Imperial  Oil  Company  of  Canada.  Vast  exten- 
sion and  development  of  organisation.  Petr. 
Rev.  (July  6,  1918)  89,  15. 

Lo8  Anqblbs  should  encourage  oil  production  ia 
city  fields.  JIf in.  A  Oil  Bull  (July.  1018)  4^ 
314. 

Mbxico,  Oil  indications  in.  Pan.  Am.  Ree.  (July, 
1918)  1,  9-13.     Serial. 

Mbxico,  Oil  interests  operating  in,  appeal  for  pro- 
tection against  continued  outrages.  OilTr. 
Jnl.  (Aug.,  1918)  9,  78-80. 

Mexico,  Oil  indications  in.  Petr.  World  (July. 
1918)  IB,  293. 

Mbxico.  Carransa  postpones  oil  land  decree. 
Min.  Cong.  Jnl,  (July.  1918)  4,  287. 

Mexico.  Carransa  plan,  some  modifications. 
Oil  A  Oae  Jnl.  11,  ^, 

Mbxico.  Cairansa's  plans  changed.  Oil  A  Oat 
Jnl.    (Aug.  23.  1918)  17,  2. 

Mexico.  Indications  of  petroleum  on  the  Pacific 
coast  of  Mexico.  Indicaciones  petroliferss 
en  la  costs  del  Paoifieo.  E.  J.  Palaoios. 
Soci6t6  Soientifique  *' Antonio  Alsate." 
(May,  1918)  87,  45-.60. 

Mexico.  America  supports  Britain  in  protest. 
Bngng.  A  Min.  Jnl.  (Aug.  24. 1918)  108, 351. 

Movements  of  oil  and  ns  through  rocks.  V. 
Zeigler,  Econ.  Geol.  (July.  191^8,  335-48. 

Oil  Sands.  Methods  for  increaaiiig  the  recovery 
from.  J.  O.  Lewis,  Petr.  Rev.  (June  29. 1918) 
88,  413-4;  (Jubr  6.  1918)  89,  13-4;  (Jubr  13. 
1918)  89,  29-40:  (July  20,  1918)  89,  45-6. 
Serial.  Also  IV.  Automot.  Engng.  (Aug.. 
1918)  8,  320-3.  (July,  1918)  8,  274-7. 
Serial.  Also  Automob.  Engng.  (Apr.,  1918) 
8,219-24.  (2)  (May-June.  191^  8, 219-24. 
IV  (Aug..  1918)  8,  320^.  ^rial.  Ab- 
stracts of  U.  S.  Bur.  Mines  Dept.  Interior 
Bull.  148. 

Oil-well  screen.  C.  N.  Scott.  U.  8.  Pst. 
1272540.     Off.  Oae.  (July  16.  1918)  888,  560. 

Oil-well  apparatus.  W.  H.  Cooper,  U.  8.  Pst- 
1272625.     Off.  Oax.  (July  16.  1918)  SB8, 586. 

Petroleum,  Executive  order  affeoting.  Oil  A 
Gae  Jnl.  (Aug.  9.  1918)  17,  32. 

Pbtrolbum  monopoly.  Monopole  du  p4troIe. 
L.  Vacquerie.  Jnl.  PltroU  (July,  1918)  18» 
10-2. 

Petroleum.  P6trole  est  un  combustible.  M. 
GuiseUn.  Jnl.  PitroU  (July.  1918)  18, 1-2. 

Petroleum  under  the  microscope.  James  Scott, 
Petr,  World  (June,  1918)  1%,  236-7.  (July. 
1918)  IB,  282-3. 
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DEISTER-OVERSTROM 
DIAGONAL  DECK  TABLES 


PBIMOS  MlftlNO  *  MUXIMO  OOMFANV 
LaXSWOOOi  OMAIIADO 

wm.li  M-trow.  pmmami        c.r.i^«c  wie«.»T  •  ^iuiai 


lAtewood,  Colorado. 
Ilay  SO,  1918. 

Ur,  A,  C«  DtDian, 

Steams-Roger  Manufacturing  Co., 

Denver,  Colorado. 
Dear  Sir: 

Reeardlng  the  two  Deister-Ove'rstroo 
tables  vit  have  installed  in  our  Lalcewood  Mill. 

They  are  giving  entire  satisfaction  in 
every  respect.  They  require  less  attention  for 
adjustments  and  do  cleaner  work  than  our  other 
tables. 

In  case  of  installing  additional  con- 
centrating tables  we  Intend  specifying  Delster- 
Overstrom, 

•  Very  truiy  yours, 

THE  PRIIIOS  MINIHO  «  MILLINQ  CO. 


General  Superintendent* 


A)iBCD:ESM 


T  U  K 


DEisTER  CONCENTRATOR  company 

Mam-kactukkrh  ok  Dkistkr  a.nu  Dkiistku-Ovkkmtkom  Taijlbi* 

Main  Office.  Factory  and  Tkst  Plant -Fort  Wayne,  Ind. 

Cable  Address:  "Reteied,"  A.  B.  C.  5th  Bditioa,  Bedford-McNeiL 


[Please  mention  this  bulletin  when  writing  advertisers] 
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Pbtbolsum,  RomAnoe  of.  B.  Redwood,  P^. 
World  (June,  1018)  15,  229-33. 

Petroleum  service  committee.  Requa  accepts 
stabilisation  plan  of.  OUt  Paint  A  Drug  Rep. 
(Aug.  19.  1918)  94,  62D. 

Petroleum  industry  highly  organised.  Min. 
Cong.  Jul.  (Aug.,  1918)  4,  296-8. 

Petroleum  standardization  committee  is  author^ 
ised.     Min.  Cong.  Jnl.  (Aug.,  1918)  4,  303. 

Petroleum  experiment  station.  Min.  Cong.  Jnl. 
(Aug.,  1918)  4,  312. 

Premium  question.  Steeling  the.  Oil  Tr.  Jnl. 
(Aug.,  1918)  9,  8-20.  Messrs.  Requa,  Bed- 
ford, and  O  Donnell  at  Tulsa  meeting. 

Petroleum  industry  is  regulated.  Oil  <fc  0<u  Jnl. 
(Aug.  9,  1918)  17,  34-6. 

RouMANiA.  Allemagne  et  le  controle  du  p^trole 
en  Roumanie.  Jnl.  PitroU  (May-June, 
1918)  18,  1-3. 

RouMANiA.  Enemy's  petroleum  agreement  with 
Roumania.  Petr.  World  (July,  1918)  15, 
284-5. 

Roumania.  Oil  wells  in  Roumania.  Sondasem 
dos  poooe  de  petrolio  na  Romenia.  Rev. 
Mineira  (May,  1918)  1,  46-7. 

Russia.  Russian  petroleum  industry  and  its 
prospects.  D.  Ghambashidse,  Jnl.  Inst. 
Petr.  Techn.  (Apr..  1918)  4,  158-88. 

Russia.  Evolution  de  I'industrie  du  p^trole  en 
Russie.  Jnl.  PHroU  (May- June,  1918)  18, 
8-10. 

Salinas  Valle^-Parkfield  area,  California,  Geol- 
ogy and  oil  prospects.  W.  A.  English  (1918) 
U.  8.  Geol.  Sur.  Bull.  691-H,  219-50. 

Salt  Creek   oil  field,   Wyoming.     Wegemann, 
C.  H..  U.  S.  Geol.  Sur.  Dept.  Interior,  Bull. 
670,  (1918)  3-52. 

Shales,  Supply  of  oil  available  from.  G.  Egloff 
and  J.  C.  Morell,  Oil  A  Otu  Jnl.  (Aug.  9, 
1918)  17,  46-8.     Serial. 

Shales,  Albertite  and  paper  shales.    L.  Simpson 
Chem.    dt   Mel.   Engng.  (Aug.  1,  1918).     19, 
112-3. 

Shale,  Method  of  and  apparatus  for  treating. 
L.  H.  Rogers.  U.  S.  Pat.  1269747.  Off.  Gaz. 
151,  519. 

Standard  Oil  Co.  Jnl.  PHroU  (July,  1918)  18, 
2-5. 

Storage  Tanks,  Advice  on  oil.  Petr.  Rev.  (July 
13,  1918)  39,  21-2.     Serial. 

Texas  and  Louisiana  oil  producers  unanimously 
ratify  crude  price  recommendations.  A.  J. 
Haslett,  Oil  Tr.  Jnl.  (Aug.,  1918)  9,  29-30. 

Washington,  Northwest,  oil  prospects.  W.  R. 
Robinson.  Oil  A  Qua  Jnl.  (Aug.  16.  1918)  17, 
40. 

West  Virginia.  Facts  about  the  natural  gas 
industry.  Am.  Oat  Engng.  Jnl.  (Aug.  10, 
1918)  109,  126-8. 

West  Virginia  natural  gas  resources.     Oil  A 

Gas  Jnl.  (Aug.  9,  1918)  17,  40. 
World's  oil  history  in  1916.     Petr.  World  (July, 

1918)  15,  279-80.     Serial. 

METALLURGY  OF  IRON  AND  STEEL 

Aeroplane  construction.  Metallographv  and 
heat  treatment  of  metals  used  in,  II.  F. 
Grotts,  Chem.  A  Met.  Engng.  (Aug.  1,  1918) 
19,  121-8.  (Aug.  15,  1918)  19,  191-7. 
Serial. 

Acid-resisting  iron.     3/cc^.  TTorW  (July  5,  1918) 

64,9. 
Aircraft  Program,   Metallurgist  and   the.     H.    ' 

F.    Wood,    Proc.    Steel    Treat.    Res.    Soo.    ' 

(Apr.,  1918)  1,  15-19. 
Automobile,   Steel   makers   and   the,   industry. 

Meeh.  World  (May  17.  1918)  58,  230. 
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Blabt  Fdrnacb  lines.  Principal  changes  io. 
J.  G.  West,  Blatt  Pur.  A  Steel  Plant  (Aug., 
1918)  5,  323-9.     Serial. 

Blast  Fubnace  practice.  Prae.  Bngr.  (June  27, 
1918)  57,  305-7. 

Blast  FtrsNACE,  Entire  plant  salvaged.  Iron 
Age  (July,  1918)  lOt,  197-9. 

Blast  Furnace  bears.  J.  E.  Stead,  Iron  A 
Steel  Inat.  (1918).     Advance  copy  9,  1-42. 

Birdbboro  steel  foundry  fitted  to  the  needs  oi 
the  war.  Iron  Tr.  Ret.  (Aug.  8,  1918) 
55,  313-21. 

Bricks,  Action  of  iron  oxide  on  silica.  Engng. 
(July  19,  1918)  105,  71. 

Brinbll  hardness  test,  observation  of  uses  of 
some  types  of  apparatus  for  quickly  deter- 
mining hardness.  Osservasioni  sull  use 
di  alcuni  tipi  di  appareccM  per  prove  spettitive 
di  duresia  secondo  il  metodo  Brinell. 
A.  Picarelli,  Rev.  Tec.  Ferrovie,  Ital. 
(July  15,  1918)  14,  20-5. 

Briqubtting  of  iron  ore .  Briquetage  dee  minersis 
de  fer  pulverulents.  Ofnie  Civil  (July  27, 
1918)  7S,  70-3. 

British  basic  steel  output.  Iron  Age  (Aug. 
8, 1918)  101,  369. 

Brittleness  in  mine  rails.  Cause  of.  Cool 
Age  (Aug.  1.  1918)  14,  237. 

Canadian  National  Steel  Plant.  W.  F. 
Sutherland,  Canad.  Maehy.  (July  25,  1918) 
20,  76-81. 

Cannon,  Manufacture  of.  Fabrication  des 
canons.  C.  DanUn,  Qhiie  Civil  (Jub*  20, 
1918)  15,  41-7. 

Casb-bardening  iron  and  steel  artides.  W. 
Fennell,  Engng.   (June  21,  1918)  105,  709. 

Cast  scrap  demand  grows.  Iron  Tr.  Rev.  (July 
25,  1918)  55,  192-3. 

Cast  iron  for  high  temperatures.  Potoer  Pint 
Engng.  (Aug.  1,  1918)  tt,  642-4. 

Casting  under  pressure.  Improvement  in 
machines  for.  Perfectionnements  a  a  z 
machines  pour  fondre  le  metal  sous  pres- 
sion.  French  Pat.  486047.  Bull  Off.  de 
la  Propri6t6  Industrielle  (Feb.  21.  1918) 
No.  1777.     18. 

Ca<)tings,  Apparatus  for  making  metal.  8. 
Lake,  U.  5.  Pat.  1272062.  Off.  Gaz.  (Julv 
9.  1918)  155,  401. 

Castings,  Steel,  design  and  manufscture. 
Fdy.  Tr.  Jnl.  (June,  1918)  SO,  295-304. 
Paper  read  before  Staffordshire  Iron  and 
Steel  Inst. 

Casting  Metals  under  the  pressure  of  an  explo- 
sion, Process  and  apparatus  for.  Prasisiona- 
gusswerke  system  Schmidt-Reichardt  G. 
m.  b.  H.  Verfahren  und  einrichtung,  metal! 
Oder  andere  schmelsbare  stoffe  unter  dem 
druck  einer  explosion  in  formen  au  giMeo- 
Swiss  Pat.  78442.  Patenl-Liate,  Switierlaiid 
(May,  1918)  No  9. 101. 

Casting  metals.  W.  H.  Williams,  British  Fat. 
116340.     I  Hue.  Off.  Jnl.  (July  31, 1918)  1570. 

Chain,  How  steel  anchor,  is  molded  and  east. 

Foundry  (Aug.,  1918)  45,  37&-6. 
Charging    furnaces.     A.    Sahlin,    British   Fat. 

115405.     Illue.  Off.  Jnl.  (July  3,  1918)  1222. 
Charging    blast   furnaces.     Soo.    J.    Munier  A 

Cie,   British   Pat.    111492,     Illue.  Off.  Jnl. 

(Jan.  23,  1918)  3405. 
Classification   for   old    metals.    Standard  of. 

Steel  A  Met.  Dig.  (Aug.,  1918)  5,  479  e(  mq- 
Cobalt  and  nickel  in  cobalt  steel,  DeterminatioD 

of.     W.    R.    Schoeller,    Iron    A    Steel  Iiut- 

(1918).     Adv.  copy  22,  1-5.     Engng.  (July 

19,  1918)  105,  75.     Paper  read  before  Iron 

&  Steel  Inst. 
CoBALTCROM  stccl,  heat-treatmsnt.    Iron  A  Sttel 

Tr.  Jnl.  (Aug.  3.  1918)  126. 
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Coke,  Meohanioal  condition  of  bUat-fumaoe. 
G.  D.  Cochrane,  Iron  Age  (July  26,  1018) 
lot,  202-3. 

Colo  Wobkino,  E£Fecta  of,  on  the  elastic  proper- 
ties of  steel.  Iron  A  Steel  Int.  (1918). 
Advance  copy  18,  1-41.  J.  A.  Van  Den 
Broek. 

CoLD-voBK,  E£Fect  of,  on  the  divorce  of  pearlite. 
J.  H.  Whiteley,  Iron  A  Steel  Inet.  Advance 
copy  17, 1-9. 

CoiiifrrTBB*s  Rbpobt,  Iron  and  steel.  P.  G. 
Donald,  Jronmonger  (July  27,  1918)  IM, 
41-4. 

CoNBOLiDATiNO     Bcrap     metal.      Campbells     A 
Hunter,    British    Pat.     115268.    lUue.  Off.   < 
Gag.  (June  26,  1918)   1172. 

Contraction  of  hardened  carbon  steels.  On  the. 
T.  Matsushita,  Set.  Rep.  Tohoku  Imp.  Univ., 
Japan  (July.  1918)  7,  43-62. 

Cost  of  production  of  iron  and  steel  in  Canada 
and  the  United  States.  C.  F.  Whitton. 
Iron  A  Coal  Tr.  Rev.  (July  5,  1918)  97,  3-5. 

Cbucdlb  furnaces.  J.  Connelly,  British  Pat. 
115543.  Jllue.  Off.  Jnl.  (July  10,  1918) 
1273. 

Chuciblb  furnaces.  J.  Gaunt,  British  Pat. 
115222.    Illve.  Off.  Jnl.  (June  26, 1918)  1157. 

Cbuciblb  furnace,  Gas  and  air-blast.  Iron  A 
Coal  Tr.  Rev.  (July  26, 1918)  97, 95. 

CuTTiNO  steel  ingots  with  oxy-hydrogen.  Iron 
Tr.  Rev.  (Aug.  29,  1918)  «B,  504-5. 

Daiiabcbnb  steel.  N.  Belaiew,  Iron  A  Steel 
Inet.  (1918).  Advance  copy  20,  1-22. 
Jnl.  Roy.  Soc.  Arts  (Aug.  2,  1918)  66.  589. 
Abstract  of  paper  before  Iron  A  Steel  Inst. 

Defects  in  steel  ingots.  J.  N.  Kilby.  Iron  A 
Steel,  Inet.  (1918).  Advance  copy  12,  1-24. 
Engng.  (July  12,  1918)  106.  34-7.  Paper 
read  before  Iron  A  Steel  Inst.  Iron  Age 
(Aug.  1.  1918)101,  266-9.  From  paper  pre- 
sented before  Iron  A  Steel  Inst.  Iron  Age 
(Aug.  1,  1918)  IDS,  288.     Editorial. 

Departmental  committee's  report,  Iron  and 
steel.     Coal  Tr.  Rev.  (June  14,  1918)  96,  679. 

Die  blocks,  correct  heat  treatment.  G.  Peterson, 
Am.  Drop  Forger  (Aug.,  1918)  4,  295-7. 

Discard  steel.  Topical  talks  on  iron,  LXIV. 
SUel  A  Met,  Dig.  (Aug.,  1918)  8,  474 
Serial. 

Distribution  of  pig  iron  and  steel  products. 
Steel  A  Met.  Dig.  (Aug.,  1918)  8,  480- 
et  eeq. 

Distbibution  of  steel.  Steel  A  Met.  Dig.  (Aug., 
1918)  8,  463-4. 

Drop  forge  plant,  fuel  analysis  of.  B.  K.  Read, 
Am.  Drop  Forger  (Aug.,  1918)  4,  307-12. 
Serial. 

Drop  forgings  versus  steel  caslings.  Am.  Drop 
Forger  (Aug.,  1918)  4,  305-6. 

Drop-poboed  steel  connecting  rod,  Micro-etruc- 
ture  of.  Prac.  Engr.  (July  4,  1918)  U, 
7-8.     Serial. 

Electbic  steel,  War  Industries  Board  discourages 
further  expansion  of.  Chem.  A  Met.  Engng. 
(Aug.  16,  1918)  19,  171-2. 

Electric  steel  furnace.  Webb,  Iron  Age  (Aug. 
1,  1918)  lOa,  257-60. 

Electric  furnace  for  melting  alloys.  W.  H. 
Easton,  EUct.  World  (Aug.  17,  1918)  71, 
291,  295-7. 

Electric  furnace  for  heat  treating.  T.  F. 
Baily.  Am.  Drop  Forger  (July,  1918)  4, 
257-60. 

Electric  furnace  for  heat  treat  of  small  airplane 
parts.  D.  D.  Miller,  Am.  Machinitt  (Aug. 
29.  1918)  49,  373-6. 
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Elxctbxc  Fubnacb  in  the  development  of  ths 
Norwegian  iron  industry.  H.  Styri  (1918) 
Trane.  Am.  Electrochem.  Soo.,  IS,  129-40. 

Elbctbic  furnace.  U.  S.  Pat.  1272077.  W.  E. 
Moore,  Off.  Oaz.  (July  9,  1918)  Ml,  406. 

Elbctbic  furnaces,  Metallurgical.  Stigng. 
(London).     (July    26,     1918)     106,    86-7. 

Elbctbic    furnaces.    Importance    of,    in    sted 

Sroduction  emphasised.     EUeL   Rev.  (Aug. 
,  1918)  TS,  173-4. 

Elbctbic  furnaces.  British  Pat.  116866.  H.  A. 
Greaves,  Illue.  Off.  Jnl.  (July  17.  1918) 
1396. 

Elbctbic  furnaces.  Value  of.  Iron  Age  (Aug. 
15.  1918)  101,  388. 

Elbctbic  heating  and  heat  treating.  T.  F.  Baily, 
Autowiot.  Ind.  (Aug.l,  1918)  89,  18»-90. 

Elbctbic  heating  furnace.  New.  W.  S.  Scott, 
Iron  Tr.  Rev.  (Aug.  22,  1918)  61,  440-2. 

Elbctbic  pig  iron  in  war  times.  R.  Turnbiill, 
Trane.  Am.  Electrochem.  Soc.  (1918)  It, 
119-27. 

Elbctbic  plant  at  a  Canadian  smelting  worki. 
Engr.  (Lond.)  (July  12,  1918)  116,  24-6. 

Elbctbic  production  of  steels.  Production  elec- 
trothermique  des  fontes  et  acier.  J.  Escard. 
Rente  Oen.  Sci.  (June  30,  1918)  19,  366-73. 
(July  15,  1918)  19,  401-13. 

Elbctbic  steel  melting  furnace  in  South  Africs, 
First.  W.  Buchanan  and  G.  H.  Stanley. 
Trane.  S.  A.  Inst.  Elect.  Engrs.  (April.  1918) 
9,  55  et  eeq. 

Elbctbic  smelting  furnace.  Canad.  Pat.  183367. 
F.  T.  Snyder,  Canad.  Pat.  Off.  Ree.  (Apr., 
1918)  1001. 

Elbctbic  steel  making.  A.  V.  Farr,  AtUomol. 
Ind.  (July  18.  1918)  19.  97-9. 

Elbctbic  steel  making.  A.  V.  Farr,  Maeky., 
N.  Y.  (Sept.,  1918)  15,  40-2. 

Electbic  steel  for  the  forging  industry.  A.  V. 
Farr,  Am.  Drop  Forger  (July,  1918)  4,  264-7, 

Elbctbic  steel.  High-grade.  Sci.  Am.  (July  20 
1918)  119,  51. 

Elbctbic  steel.  F.  D.  Jones,  Mack.  (Aug.,  1918) 
14,  1104-10. 

Elbctbic  steel  protest.  Iron  Age  (Aug.  1,  1918) 
101,  284.  War  Industries  Board  official 
answer  that  steel  is  needed. 

Elbctbic  treatment  of  airplane  forgings.  D.  D. 
MiUer,  Iron  Age  (Aug.  15,  1918)  101,  381-5. 

Elbctbical  system  of  the  forge  shop.  E. 
McIIvried.  Am.  Drop  Forger  (July,'  1918)  4, 
271-2. 

Elbctbical  furnaces  for  annealing.  W.  8.  Scott. 
Am.  Drop  Forger  (Aug.,  1918)  4,  323.  Serial. 
From  paper  presented  before  Assn.  Iron  ft 
Steel  Elect.  Engrs. 

Electbicitt  as  a  substitute  for  gas.  F.  Thorn- 
ton, Jr..  Am.  Drop  Forger  (Aug.,  1918)  4, 
324-5.     Serial. 

Electbipication,  a  steel  works.  ElecL  Ret. 
(June  28,  1018)  81,  603-1. 

Elbctbolttic  manufacture  of  iron.  Fabrication 
elect rolitica  del  hierro.  Rev.  Minera  (July  1, 
1918)  69,  322-3.  Serial.  (July  8,  1918)  69, 
338-9. 

Electbolytic  pickling  process  and  its  effect  on 

ghysical  properties  of  iron  and  steel.  J- 
'oulson,  Trane.  Am.  Electrochem.  See. 
(1918)  11,  237-45. 
Electrometallurot  in  Italy.  Electrometalur- 
gia  en  Italia.  Rev.  Minera  (July  16,  1918) 
69,  349. 
ELECTRosMELTiNa  for  the  production  of  chrome 
iron  and  nickel.  Smeltelektrolyse  for  frem- 
stilling  ar   Krom  jern   og   nickel.     Tekniek 
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FLORY  TWO  SPEED 

Two  Patent  Band  Frictions.  Loaded  trip,  20,000  lb.,  250'  per  min. 

Frictions  operated  by  air.  Empty  trip.  7,000  lb.,  500  per  min. 

Herrinabona  Gears.   Dial  Indicator.  On  plane  of  26  de2. 


S.  FLORY  MFG.  CO. 

BANGOR,    PA. 

New  York  Office :  36  Liberty  Si. 
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EuTBCTic  alloyB.  III.  C.  W.  Nash,  Chem.  Bngng. 
db  Min.  Rn.  (Mar.  5.  1018)  10,  161-6. 

SbcPANsiON  of  metals  by  heat.  J.  Roger,  WmIti. 
Sngng.  (Aug..  1918)  9,  316.  M%n.  db  Sei. 
Pr—  (July  27,  1918)  117,  112. 

Faht  Permeameter,  Experimental  study  of.  C. 
W.  Burrows  and  R.  L.  Sanf ord,  Blectn.  (July 
5,  1918)  $1,  202-3. 

Fbbbocbroujs.  R.  M.  Keeney,  Colo.  8ch.  Mine* 
Mag.  (Aug..  1918)  8,  143-7. 

Fbbrouanoanssb,  Making,  in  California.  Min. 
A  Sei.  Pr.  (July  20.  1918)  117,  89. 

FBBBOMANaANBss,  Making,  in  California.  Weatn. 
Sngng.  (Aug.,  1918)  9,  303. 

Fbbbomanoanbsb  in  steel  making,  Liquid.  Iron 
Age  (July  26,  1918)  101,  208-9. 

Fbrbomanoanbsb,  oscillating  furnace  for  the 
melting  of.  Four  oscillant  pour  la  fusion  de 
ferro-manganese  et  autres  aliiages  ou  m6taux. 
Soci^t^  anonyms  acideries  r^unies  de  Bur- 
bach-Eich-Dudelauge.  French  Pat.  486- 
785.  Bull.  Off.  ProDri6t6  Indust.  Paris 
(Mar.  7,  1918).     No.  1779,  27. 

Ferromanoanbsb,  Supplies  of.  Iron  Age  (July 
25,  1918)  lOS,  212. 

FEBROMANaANBSB,  manufacture  of,  in  Bilbao. 
Fabrication  del  ferromanganese  en  Bilbao. 
Rev.  Minera  (July  24,  1918)  09,  365. 

Ferropbobpbobub.  British  Pat.  111385.  J.  J. 
Gray,  Illue.  Off.  Jnl.  (Jan.  23.  1918)  3363. 

Fbrrosiucokb  not  attacked  by  acids.  Les  ferro- 
siliciums  inattaquables  aux  aoides.  C. 
Matignon,  Cotnpt.  Rend.  Aead.  d.  Sei.  (May 
21.  1918)  166,  815-21. 

Firb-bbxckb.  Effect  of  load  on  refractoriness  of, 
etc.  J.  W.  Mellor  and  W.  Emery,  Iron  db  Coal 
Tr.  Rev.  (June,  14,  1918)  96,  665.  Report  of 
research  committee. 

FoRQiNGB,  Question  of  quenching  oils  for.  L.  H. 
Mac  Laughlin  (July,  1918)  Am.  Drop  Forger 
273-7. 

FuBi.  economy  in  blast  furnaces.  T.  C.  Hutch- 
inson (1918)  Iron  db  Steel  Inst.  Advance 
copy  5,  1-16. 

FuRNACB,  Ore  smelting  and  refining.  Canad. 
Pat.  183314.  O.  Martin,  Canad.  Pat.  Office 
Rec.  976. 

Furnace,  Smelting.  U.  S.  Pat.  1269974.  A.  M. 
Stevenson,  Off.  Oaz.  (June  18.  1918)  SOI,  580. 

Furnace,  Surface  combustion.  Fours  k  radia- 
tion superficielle.  M.  P.  Begrier,  Rec.  Metall. 
(July,  1918)  10,  391-8. 

FuRNACB,  Metallurgical.  Canad.  Pat.  183485. 
O.  Wedge,  Canad.  Pat.  Off.  Ree.  (Apr.,  1918) 
1065. 

Furnaces  and  converters.  British  Pat.  116323. 
A.  RoUason,  I  Hue.  Off.  Gas.  (July  3,  1918) 
1196. 

Fusion  welding  fallacies.  8.  W.  Miller,  Maehv., 
N.  Y.  (Aug.,  1918)  14, 1082-4.  (Sept..  1918) 
SO,  12-3. 

Galvanizing  sheets.  Modern  practice  in.  C.  F. 
Poppleton,  Iron  Age  (Aug.  22,  1918)  lOS, 
433-6.     Serial. 

Gas  furnace  for  melting  metals  and  alloys.  Four 
&  gas  pour  la  fusion  des  m6taux  et  des  aliiages 
en  creuaets.  French  Pat.  486602.  Bull.  Off. 
Propri^t6  Industrielle  (Feb.  14,  1918)  No. 
1776,  14. 

Gears  and  their  treatment.  Steels  for.  G.  A. 
Richardson,  Iron  db  Coal  Tr.  Rev.  (Aug.  2, 
1918)  97,  116. 

Hardeninq  and  tempering.  Some  practical  hints 
on.  H.  H.  Jones,  Model  Engr.  (June  20, 
1918)  80,  363-6.     Serial. 

Habdnsss  of  metals,  Notes  on  testing.  J.  W. 
Craggs,  Sei.  Am.  Sup.  (Aug.  10,  1918)  00, 
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Habonbbb  of  metals,  Testing,  by  the  BoyeOe' 
Morin  apparatus.  C.  J.  B.  Cooke,  JnL  Inst 
Mech.  Engrs.  (May,  1918)  6,  331-3. 

Hbat  treatment.  System  of.  Page*e  Emgng. 
Wkly.  (June  28.  1918)  OS,  309. 

Hbat  treatment  and  the  hardening  and  tempertnc 
of  steel.  C.  A.  Edwards,  Canad.  MaAy. 
(July  25.  1918)  SO,  82-6. 

Heat  treatment.  Effect  of  mass  on.  E.  F.  Law, 
Iron  db  Steel  IneL  (1918).  Advance  eopy  16, 
1-15.  Abstract,  Meek.  World  (May  17. 
1918)  00,  238. 

Heat  treated  bars.  Change  in  dimensioB  of. 
Iron  Age  (Aug.  1,  1918)  lOS,  312-3. 

Heat  treatment,  Commeroial  steels  and  their. 
J.  B.  Hoblyn,  Aeronautice  (June  5,  1918)  14, 
489-98. 

Heating  furnace  for  metal  bars.  Canad.  Pst. 
183326.  C.  Fassinger,  Canad.  Pat.  Off.  Rec. 
(Apr.,  1918)  981. 

Hollow  Foroinob,  Development  of  flaws  in.  A. 
S.  Hesse.  Am,  Machiniet  (July  25,  1918)  41, 
153-4. 

Inclined  mold  is  a  fallacy.  Why  the.  R.  R. 
Clarke,  Foundry  (Aug.,  1918)  40,  351-2. 

Inclusions  in  steel.  Importance  of  the  n<»- 
metallic.     Nature  (June  27, 1918)  101, 334-5 . 

Inclusions,  Non -metallic:  their  constitution  and 
occurrence  in  steel.  A.  McCance,  Iran  A 
Steel  Inet.     Advance  copy,  14,  1-48. 

Inclusions  in  steel  and  ferrite  lines.  Note  on. 
J.  E.  Stead,  Iron  db  Steel  IneL  Advance 
copy  13.     1-6. 

India,  Technical  aspects  of  the  establishment  of 
the  heavy  steel  industry  in,  with  results  of 
some  researches  connected  therewith.  A. 
McWiUiam,  Iron  db  Steel  I  net.  {191S).  Ad- 
vance copy  10,  1-20. 

Ingots,  Dish-cast.  J.  A.  Holden,  Foundry  Tr. 
Jnl.  (June  20,  1918)  SO,  319. 

Ingots,  during  cooling.  On  the  distribution  of 
temperature  in  steel.  Beso  Saito,  Jew. 
Soc.  Mech.  Engrs.  Tokyo,  Japan  (May,  1918) 
SI,  15-30. 

Ingot  mould.  O.  A.  Fogerty  and  C.  Hodgson. 
Canad.  Pat.  1840^.  Canad.  Pat  Of. 
Rec.  (Apr..  1918)  1339. 

Ingot  manipulator  for  rolling  mills.  Iron  A 
Coal  Tr.  Rev.  (July  12,  1918)  07,  42. 

Iron,  carbon,  and  phosphorus.  J.  E.  Stead. 
Iron  A  Steel  Inst.  (1918).  Advance  copy 
19.  1-24. 

Japanese  steel  industry,  Future  of.  J.  P- 
SuBuki.  Iron  Tr.  Rev.  (Aug.  15.  1918)  Ot, 
389-90. 

Laboratories.  Laboratoires  dans  les  4tablis- 
sements  sid^rurgiques.  M.  Wenoelius,  BuU. 
Soc.  Ingen.  Civ.  France  (May  31.  1918) 
76-8. 

Macrostructure  of  steel  examined  by  means  of 
the  copper  test  of  Stead-Le-Chatelier. 
La  Macrostructure  de  I'acier.  A.  P. 
Bernard,  Revue  de  Mitall.  (May-June)  1S| 
273-80. 

Magnetic  ironsand  etc.,  Iron  and  steel  manu- 
facture from.  New  Zealand  Pat.  390322. 
W.  R.  Heskett,  N.  Z.  Pat.  Off.  Jnl  (June 
27,  1918)  7,  262. 

Magnetic  purposes.  Preparation  of  pure  alloys 
for.  T.  D.  Yensen,  Trane.  Am.  Electrochem. 
Soc.  (1918)  OS,  165-84. 

Magnetite,  Smelting  of.  Canad.  Min.  Inst. 
Bull.  (July,  1918)  627-8. 

Malleable  cast  iron.  Page'e  Engng.  Wkly. 
(June  28,  1918)  88,  304-6. 

Malleable  iron  castings.  Manufacturing  heavy. 
A.  W.  Lorens,  Foundry  (Aug.,  1918)  40, 
850-1. 
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Designed  Expressly  for 
Storage  Battery  Service 


This  outline  drawing  shows  (our  vital 

advantages  o{  the 

Goodman  Articulated  Storage  Battery  Locomotive 


1.  A  storage  battery  of  ample  capacity  may  be  accommodated 

between  the  bogy  trucks. 

2.  One  truck  carries  motor  and  controller;    the  other  truck 

carries  another  motor  and  rheostat.  Result — all  mechanical 
parts  are  easily  accessible  and  are  located  so  they  transmit 
no  heat  to  battery. 

3.  The  only  running  parts  beneath  battery  are  the  idle  wheels. 

4.  The  weight  is  distributed  onto  eight  wheels  (not  four).     So 

the  drivers  are  not  forced  to  carry  excess  weight  beyond 
what  is  necessary  for  desired  draw-bar  pull. 

Many  other  exclusive  merits  that  make  the  best  of  reasons 
why  you  should  equip  with  Goodman  Articulated  Locomotives, 
are  given  in  Bulletin  522D.     Write  for  it  now. 


GOODMAN  MFG.   CO.,  Chicago.  Ills. 

New  York  Birmingham  Cincinnati  Denver 

Pittsburgh  Charleston,  W.  Va.         St.  LxMiis  Seattle 
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Robins   Conveying  Machinery 

Belt  Conveyors,  Bucket  Elevators,  Ore-Bedding  Systems, 
Stocking  and  Reclaiming  Towers  and  Bridges,  Feeders, 
Screens,  Coal  and  Coke  Crushers,  Conveyor  Auxiliariea 


Mobini  Conveyino  Machmery  uied  tor  itackmg  (ailing  Bell  Conveyon 
■re  (oand  bigbly  ntehil  for  this  work  becaoK  of  rheir  flexibility,  Itghmett  and 
ibe  fact  that  ttiey  can  be  driven  al  any  point  in  their  length. 


Wrilt  far  ear  HanJitak  af  CwiPtyar  FracHei. 


Robins  Conveying  Belt  Company 

Park  Row  Building  New  York 

Chi»(o.  Old  Colony  Bdildinf.  Sdl  Lako  Cily.  Nobouo  BuiMinC- 

Su  FrudKa.  Tbe  Gjifio  Co..  Birnunlhun,  All.,  C.  B,  D>vi>  Enf.  Co.. 


r.  Lid, 
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JEFFREY 
RUBBER  BELT  CONVEYERS 

For  quick,  silent  and  economical  handling  of  large 
quantities  of  loose,  bulk  materials,  the  Belt  Conveyer  is 
unquestionably  without  a  peer. 

Jeffrey  Belts  and  Carriers  are  designed  especially  for 
the  hard  service  of  ConveyingOres,  Rock,  Refuse,  Stone, 
Gravel  and  other  heavy  materials  and  are  therefore  a 
composite  of  the  best  materials  and  practical  Engineering 
service. 

The  various  types  of  Jeffrey  Trippers  for  automat- 
ically distributing  over  a  given  space  or  discharging 
materials  at  any  fixed  point,  are  so  designed  as  to  occupy 
minimum  space  above  the  belt;  operate  with  minimum 
horsepower,  and  insure  minimum  of  care  and  upkeep. 
Write  for  cop;  of  our  new  Catalog  oo  Belt  ConTeyere,  No.  175-^- 


THE  JEFFREY  MFC.  COMPANY 

Columbus,  O. 

New  York     Boiton     PhiUdclphli     PItttbursh     MMwMikcc     Chicago     Birmingham 

atvtttnd    Scranton     Charfulon,  W.  Va.     St.Louli     Montrtal     Dallu 

Pnvm  OfHcK  rinl  Ntthul  bik  Mf.  Seattle  DfHct:  I.  C.  S«ltli  BM|. 
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Pfanfltiehl,  Off.  Oaz.  (July  30. 1918)  SH,  1003. 

Electric  furnaces.  British  Pat.  115248.  V.  C. 
Faulkner,  IlUu.  Off.  Oom.  (June  26.  1918) 
1166. 

Electric  m blting  furnaces.  Development  of. 
H.  W.  GUlett  and  A.  E.  Rhoads.  Metal  Jnd. 
N.  Y.  (Aug.,  1918)  It,  366-8. 

Electroltbis.  British  Pat.  116139.  Q.  T.  Hollo- 
way.  Jlltu.  Off.  Jnl.  (July  24.  1918)  1495. 

Electbolttic  copper  refinery,  construction  and 
operation  of.  J.  E.  McAllister.  Enang.  A 
Min.  Jnl.  (Aug.  24,  1918)  106,  337-41. 

ELBCTRO-MBTALLUBaiCAL  industry,  Evolution  of 
the.     Metal  Jnd.  (June  14, 1918)  12, 459-60. 

EbcPANSiON  of  metals  by  heat.  J.  Roger.  Weetn. 
Bngng.  (Aug..  1918)  9,  316;  Min.  db  Sei.  Pr. 
(July  27. 1918)  117,112. 

FviiB,  New-treatment  plant  at  Anaconda.  D- 
M.  Brown,  Min.  <ft  Sci.  Pr.  (June  29,  1918) 
116,  895-7. 

Furnace,  Smelting  and  refining.  O.  J.  T.  G.  R. 
Martin.  U.  8.  Pat.  1271051.  Off.  Oaz. 
(July  2.  1918)  tit,  85. 

Furnace.  Ore  smelting  and  refining.  Canad> 
Pat.  183314.  Canad.  Pat,  Off.  Kec.  (Apr.i 
1918)  976. 

GERMAN-owned' metal  firms.  Statement  regard- 
ing seisure  of  L.  Vogelstein  A  Co.,  Inc.  and 
Beer.  Sondheimer  A  Co.,  Inc.  of  New  York 
City.  S$eel  A  Met.  Dig.  (Aug.,  1918)  8, 
475-7. 

German  trade  ended.  Iron  Tr.  Rev.  (Aug.  8, 
1918)  6S,  344.  Australia  to  refine  own  con- 
centrates in  future. 

GuN-MBTAL,  Notes  ou  admiralty.  H.  S.  Prim- 
rose. Metal  Ind.  (June  7.  1918)  11,  437-10. 

Hardness  of  metals,  Notes  on  testing.  J.  W. 
Craggs,  Sei.  Am.  Sup.  (Aug.  10,  1918) 
86,  94-5. 

Heat  treatment,  System  of.  Page**  Engng. 
Wkly.  (June  28.  1918)  82,  309. 

LBAD-tin-antimony  alloys.  O.  W.  Elns,  Foundry 
Tr.  Jnl.  (June,  1918)  20,  308-9. 

Melting  furnace.  Tilting  non-crucible.  Iron 
Age  (Aug.  15. 1918)  101,  389. 

Mbrcurt  from  its  ores  by  sodiurii  sulphide,  Note 
on  extraction  of.  C.  H.  Holland,  New 
Zealand  Jnl.  Sci.  A  Tech.  (May.  1918) 
1,  153-1.  ' 

Metal  composition,  U.  S.  Pat.  1268495.  H.  K. 
Sendell,  Off.  Oaz.  (June  4,  1918)  161,  121. 

Metal  industry.  Non-ferrous.  Chem.  Engng. 
A  Min.  Rev.  (June  5,  1918)  10,  274-6. 

Metal  recovery,  Canad.  Pat.  184017.  British 
Amer.  Nielcel  Corporation,  Ltd.  Canad. 
Pal.  Off.  Rec.  (Apr.,  1918)  1320. 

MBTALLic-letter  casting  machine.     P.  W.  Avers. 
U.    S.    Pat.    1272887.     Off.   Oaz.    (July    16,    ] 
1918)  161,  661.  V      J^      o.    J 

Metalloorapht  and  heat  treatment  of  metals 
used  in  aeroplane  construction.     F.  Grotts     ' 

To,**^-    "^o    •  /•   ^^0^'    (Aug.   1,   1918)   19,    j 
121—8.     Serial. 

Moltbdenum  ores  in  Canada,  Mining  and  metal-    ' 
lurgical   treatment    of.     C.    C.    Mackcnsie,    ' 
Tran».  Royal  Canad.  Inst.  (Nov.,  1918)  11. 
269-89. 

Nickel  concentration  limited.  Method  of  I 
extracting  nickel.  Canad.  Pat.  183827  ' 
Canad.  Pat.  Off.  Rec.  (Apr.,  1918)11233.  ! 
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NiCKBL.  International  Nickel  Co.'s  refinery 
at  Port  Colborne.  Canad.  Min.  JnL  (Aug. 
1,  1918)  89,  262-3. 

NoDULinNO  flotation  concentrates.  Canad.  Mw. 
JnL  (Aug.  1,  1918)  89,  255-7. 

Phosphob-Bbonxb,  Manufacture  of.  Metallnd. 
(July  5,  1918)  18,  4. 

PHOBPHORns  alloy.  Canad.  Pat.  183581.  A. 
J.  Jeffs,  Canad.  Pat.  Off.  Rec.  (Apr.,  1918) 
1114. 

Plates,  Metal.  British  Pat.  116250.  D.  Daviea, 
Illue.  Off.  Jnl.  (July  31.  1918)  1538. 

Platinum  pie,  Germany's  finger  in  the.  Edi- 
torial. Chem.  A  Mel.  Engng,  (Aug.  15, 
1918)  19, 166-7. 

Precipitatinq  gold  with  charcoal.  Moore- 
Edmands  prooeas  of.  A.  W.  AUen,  Engng. 
A  Min.  Jnl.  (Aug.  10,  1918)  106,  256-7. 

Pbbcipitation  from  flue  gas.  Electrical.  Iron 
Age  (Aug.  1,  1918)  101,  273. 

PBOCB88,  Continuous,  for  recovering  lead  or  sine 
or  both  metals  from  their  ores  or  from  slsg  in 
the  form  of  metal  fumes,  whereby  the  charge 
is  mixed  with  fuel.  U.  8.  Pat.  1269110.  F. 
Ohlmer,  Off.  Oaz.  (June  11,  1918)  111,  311. 

Process  for  making  alloys  of  phosphorus.  U.  ^. 
Pat.  1268849.  L.  A.  Jeffs,  Off.  Gaz.  (June  II. 
1918)  181,  239. 

RBnNiNO  metals  and  alloys.  British  Pst. 
116277.  Stabilimenti  BUk.  Illuz.  Off.  Jnl. 
(July  31.  1918)  1546. 

Refractort  oxides  contained  in  metals  of  lufh 
melting  points.  Reduction  of.  H.  P.  Smith, 
Metal  Jnd.  (July  12, 1918)  8,  21. 

Rbbibtancb  elements,  etc.,  Alloy  for.  U.  S.  Pat. 
W.  B.  Driver,  Off.  Oaz.  (July  30,  1918)  M, 
1006. 

RoABTiNO    ores,    British    Pat.    114954.    A.  G. 

Bloxam,  Jlluz,  Off.  Jnl.  (June  19. 1918)  1018 
SiNTBRiNGores,  British  Pat.  115441.   C.  Gieseeke, 

Jlluz.  Off.  Jnl.  (July  3.  1918)  1233. 

Sintering  ores,  British  Pat.  115023.  J.  Gsyley. 
JUue.  Off.  Jnl.  (June  19,  1918)  1073. 

Smeltery  charges  in  British  Columbia.  Investigs- 
tion  of.  Canad,  Min.  Jnl.  (Aug.  1.  1916) 
89,  264. 

Soft  Metal  alloy  and  method  of  making  samf 
U.  S.  Pat.  1269000.  W.  L.  Rice.  Off.  Gex 
(June  11.  1918)  281. 

Solder  without  tin.  C.  W.  Hill.  Chem,  A  Met 
Engng.  (Aug.  15,  1918)  19,  170. 

Spelter  statistics  for  1917.  W.  R.  Ingalls,  K»§. 
A  Min.  Jnl.  (July  27,  1918)  106,  176-81. 

Stbllite,  Notes  on  the  manufacture  and  fabries- 
tion  of.     Mach.  (May  30.  1918)  11,  235-6. 

SuLPHUB  and  pyrites  situation  in  relation  to  the 
fertiliser  industry.  A.  D.  Ledouz,  i" 
Fertilizer  (Aug.  3.  1918)  49,  113-23. 

Tin,  Method  of  and  apparatus  for  smelting.  ^^• 
8.  Pat.  1271200.  E.  N.  Morrill.  Off.  <h» 
(July  2,  1918)  161,  127. 

Tin,  Electrolytic  recovery  of.  Metal  Ind.  (Jnly 
5.  1918)  IS,  8. 

Tin,  Shortage  of.  Ry.  Meeh.  Engr.  (Aug..  1918) 
91,  464. 

Tin  mine.  Great  Bolivian.  Min.  Jnl.  (July  27, 
1918)  111,  449. 

Tin,  Consumption  and  conservation  of.  Chen. 
A  Met.  Engng.  (Aug.  15.  1918)  19,  17.V6. 

Tin.  Give  us.  Min.  Jnl.  (June  29.  1918)  111, 
383-4. 

Tin,  Conservation  of.  Am.  Contr.  (July  6. 1918i 
89,  32. 

Tin,  Conservation  of.  Power  (July  16. 1918)  41, 
108. 
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THE  MINING  AND  METALLURGICAL  INDEX 

^<w  OBet  for.     Iron  An  rAuc.  I 


... Mtlat  Ind.   (July, 

1»1B)  IS,  307-8. 
Trpi-euTiNa  nuoblnea,    Automatio   metal-fMd 

for,  U.  8.  Pit.  1272193,     M.  F.  Benton,  Off. 

Oat.  (laiy  B.  1918)  Ml,  487. 
ZiHc  «l«atroda,  Slsn  of  ths.     W.   D,  B&noroft, 

Bran  World  (Auc,  191S)  It,  £26-7. 
Zinc  mioitiB  and  imeltinc  intemta  In  helpiui  win 

the  <nr,  BaneSU  Co  ba  derivrd  from  cIdm 

cofioflrAtion  of.     "W.   R,  InanUs,   Engna.    A 
3.  1018)  lA,  217-21.     Ad- 


Min.  Jni.  (Aug.  3.  1 
dreflB  dcliVBTIHibef  or 


1.  ZioB  1 


...  jmeltiuA  tforkL  _. ^ . , 

Enerm.i  Min.  Jnl.  (Auc.  3. 1918)  KM,  212.    i 
•icT.  New  mettiDd  of  Mtimitioi,  in  lino  duat. 
t,  ffilgoo,  Sngng.  ±  Min.  Jnl.  (Aua.  24, 


lOlSI  IM,  334-fl. 


:.  Meti 


iiriy  of.     J.  1 


Hutin 


I,  Clum. 


Mtt.  BnsnB-  (Ads.  1,  1918)  1>,  114. 
HC.  Bounty  on.     Canad.  Mia.  Jnl.   (July   1, 
I91S)  n,  21S. 

(June  22. 1918)  lU,  4ft7.  I 

Nc,  New  iu«  for.  A.  P.  Cobb,  SUtl  *  Mtl. 
bi4/.  (Au«.,  1918)  B,  477-0.  Addren  before 
Am.  Zin«  Inat.  I 


1913)  1223. 
c.   Lo  ilnoo  elettrot: 
(June,  1918)  14.  91 


I.   Samtnia  Stiiitraria 

a  Sd.  Pr.  (Aug,  IT, 

ip.     T.  Frfoch,  Chrm. 

1918)  10,170-2. 

-■918)  n. 


.(Mar.; 


.    Boc. 


321-8. 

:  Inat.,  American.     Sngna.  •*  *ftn-  Jnl.  (Aug. 
10,  1918)  lai,  27fi.     Editorial. 
JIC,  Eleetrotherinie  eitraotion  at.     E.  S.  Betg- 
iund.   U.  a.  Pat.  12712B7.     Off.  Gai.  (IBIS) 


I,  I4S. 


m  U  Trail,  B.  C..  Electrolylie.    E. 
ton.  Tram.  Am.  Electrochem.  Soc. 


® 

ILUI  ENMELED  PIN 

npHE  AMERICAN  fflSTITUTE  OF  MIN- 
mo  ENGINEERS  has  adopted  no  official 
badge,  the  possession  of  which  is  proof  of  mem- 
bership.   Numerous    designs,    however,   have 
been  executed  for  temporary  use,  and  of  these 
three  here  shown  have  proven  so  convement 
and  attractive,  that  many  members  continue  to 
wear    them    as  personal  ornaments.     To  this 
there  is  no  objection;  and  these  badges  will  be 
sent  postpaid  to  Members  and  Associates  on 
the  recwpt  of  the  price  by  New  York  check,  or 
Postal  Money  Order,  in  favor  of  the  Institute, 
as  follows: 

Blue  Buameled  Pin,  Silver,  S0.75;  gold,  Sa.oo;  WUte 
Enameled  Button  (or  officers,  gold,  »a.oo;  Cross- 
Hammers,  gold.  $].oo;  Seal  Watch-Fob,  silver, 
$3.35;  sUver-^t,  S3.7S;  gold  (14  kt.),  $14.00. 

eOLD  CROSS  HMMlERS 

SEAL  FOB    . 
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CLASSIFIED  LIST  OF  MINING  AND 
METALLURGICAL  EQUIPMENT 


Acetylene  Aoparatus 

Macleod  Co.,  Bogen  St.*  Cincinnati.  Ohio. 

Acids  and  Ammonia 

Heil  Chemical  Co.,  Henry.  210-214  S.  4th 
St.,  St.  Louie,  Mo. 

Acid,  Sttlphnric 

Illinoie  Zinc  Co..  Peru.  111. 

Afltatori 

Dorr  Co..  Denver,  Colo. 
Traylor  Engineering  A  Mfg.  Co..  Allentown, 
Pa. 

Amalgftmstora 

Allie-Chalmera  Mfg.  Co..  Milwaukee.  Wis. 
Traylor  Engineering  ft  Mfg.  Co..  Allentown, 

Pa. 
Worthington  Pump  ft   Machinery   Corpn., 


imp 
.  Ni 


115  Broadway,  New  York  City. 

Afbestoa 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia. Pa. 

Asbestoa  Materials 

Johne-Manville  Co.,  H.    W..  296    Madison 
Ave.,  New  York  City. 

Assay  Supplies 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St.. 

St.  LouiB,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway 
New  York  City. 

Axles.  Mine  Car 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 


Balances  and  Weights 

Heil  Chemical  Co.,  Henry.  210-214  S.  4th  St., 

St.  Louis.  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 

Ball  and  Tube  Mill  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago.  111. 

Bearings,  Ball 

GwifUam  Co.,  253  W.  58th  St.,  New  York 
City. 

Bearings,  Roller 

QwilUam  Co..  253  W.  58th  St.,  New  York 
City. 

Belting,  ConTeyor 

Goodrioh  Rubber  Co..  B.  F..  Akron.  O. 
JefTrev  Mfg.  Co.,  902  N.  4th  St..  Columbus, 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 

New  York  City. 

Belting,  Elevator 

Goodrich  Rubber  Co.,  B.  F..  Akron.  O. 
Jeffrey  Mfg.  Co..  902  N.  4th  St..  Columbus, 
Ohio. 

Batting,  Transmission 

Goodrioh  Rubber  Co..  B.  F..  Akron.  O. 

Bins,  Coal  and  Coka 

»ffre; 
Oh( 

Blasting  Powder  (See  Powder,  Blasting) 

Blasting  Supplies 

Du  Pont  de  Nemours  ft  Co..  E.  I..  Wilming- 
ton. Del. 

Blowars 

General  Electric  Co..  Schenectady.  N.  Y. 


Jeffrey  Mfg.  Co..  902  N.  4th  St..  Columbus, 
'iio. 


Blowpipe  Apparatus 

HeU  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Brake  Blocks 

Johns-ManviUe  Co.,  H.  W..  290  Madfaos 
Ave.,  New  York  City. 

Brick,  Fire 

Harbison-Walker  Refractories  Co.,  Farmen' 
Bank  Bldg..  Pittsburgh.  Pa. 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Buckets,  Blevator 

American  Manganese  Steel  Co.,  McCormick 

Bldg.,  Chicago,  111. 
Jeffrey  Mfg.  Co.,  9U2  N.  4th  St..  Columbut. 
Ohio. 

Burners,  Gas 

Macleod  Co.,  Bogen  St..  Cincinnati,  Ohio. 

Burners,  Oil 

Macleod  Co..  Bogen  St.,  Cincinnati.  Ohio. 
Mine  and  Smelter  Supply  Co..  42  Broadway 
New  York  City. 

Cableways 

Flory  Mfg.  Co.,  S.,  Bangor.  Pa. 

Leschen  &  Sons  Rope  Co.,  A.,  920  N.  lit  St., 

St.  Loub,  Mo. 
Macomber  ft  Whyte  Rope  Co..  Kenosha,  Wis 
Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Cages,  Hoisting 

Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentovn. 

Pa. 

Cages.  Self  Dumping  and  Plain 

uolmes  ft  Bros.,  Inc..  Robt..  30  N.  Basel  flt^ 
Danville.  111. 

Car  Lifts,  Automatic 

Holmea  ft  Bros.,  Inc..  Robt.,  30  N.  Hasel  St., 
Danville,  III. 

Carbide  Lamps 

Macleod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 

Cars,  Ore 

Allis-Chalmers  Mfg.  Co..  Milwaukee.  Wb. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co..  Allentows. 

Pa. 

Castings,  Brass 

Holmes  ft  Bros..  Inc..  Robt..  30  N.  Hasel  St.. 
Danville,  III. 

Castings,  Iron 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 
Holmes  ft  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St.. 
Danville,  III. 

Caustic  Soda 

Heil  Chemical  Co.,  Henry,  210-2148. 4th  St. 
St.  Louis.  Mo. 

Cement  Blast  Guns  (See  Guns,  Cament) 

Cement  Machinery 

Traylor  Engineering  ft  Mfg.  Co..  AUentows. 

Pa. 
Worthington   Pump  ft  Machinery  Corp'n., 
115  Broadway.  Mew  York  City. 

Cements,  Refractory 

Johns-Manville  Co..  H.  W..  296  Maditos 
Ave..  New  York  City. 
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ILLINOIS  ZINC  CO. 

PERU,  ILLINOIS 

Manufachtrers  of 

f 

Selected  Brass  Spelter 

Sulphuric  Acid  and 

Zinc  Dust 


Rollers  of 


Sheets,  Plates  and  Strips  in  Coils 


ZINC 

in  special  sizes,  squares  and  circles, 
cut  to  order.  Etchers',  Engravers', 
Lithographers  and  Battery  Plates. 
Paper   and   Card  Makers*  Sheets. 

ILLINOIS  ZINC   COMPANY 

W.  FISHER,  Eastern  Sales  Agent 

Tel.  Cortlandt  1981  203  Broadway,  New  York 

[Please  mention  this  bulletin  when  writing  advertisers.]  (39) 
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CluUns 

Amerioan  Manganese  Steel  Co.,  MoCormiok 

Bids.,  Chicago,  lU. 
Jeffrey  Mfg.  Co.,  0U2  N.  4th  St.,  Columbue, 

Ohio. 
Chemical  Apparatue 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 

St.  Louie,  Mo. 

Chemicals 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St. 

St.  Lduis,  Mo. 
Mine  and  Bmdter  Supply  Co.,  42  Broadway, 

New  York  City. 
RoeMler  ^  Haeeiaeher  Chemical  Co.,   100' 
William  St.,  New  York  City. 
Chrome  Brick 

Harbison- Walker  Refractoriee  Co.,  Farmers' 

Bank  Bldg.,  Pitteburgh.  Pa. 
Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Chr<M&e  Cement 

Larino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Chrome  Ore  (Lump  and  Ground) 

Lavinp  and  Co.,  E.  J.,  BulUtt  Bldg.,  Phila- 
ddphia.  Pa. 
Chute  Plates  &  Launder  Liners 

American  Manganese  Steel  Co.,  MoCormiok 
Bldg..  Chicago,  111. 
Chutes 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus. 
Ohio. 
Classiflers 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co.,  Denver,  Colo 
Deleter  Concentrator  Co.,  Fort  Wayne,  Ind. 
Dorr  Co.,  Denver,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Trayior  Engineering  A  Mfg.  Co.,  AUentown, 

Pa. 
Worthington    Pump   dc    Machinery  Corp'n., 
115  Broadway,  New  York  City. 
Coal  and  Ash  Handling  Machinery 

Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Columbus, 
Ohio. 
Coal  Mining  Machines 

Goodman  Mfg.  Co.,  Halstead  St.  A  48th 

Plaoe.  Chicago,  111. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Sullivan  Machinenr  Co..  122  So.  Michigan 
Ave.,  Chicago,  lU. 
Coal  Mining  Plants 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 
Ohio. 
Coal  Storage  and  Rehandling  Machinery 

Jeffrey  Mfg.  Co.,  902  N.  4th  Stv,  Columbus, 
Ohio. 

Coatings,  Roof 

Johns-Manville    Co.,  H.    W.,  296  Madison 
Ave.,  New  York  City. 
Collectors,  Dust 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Compass,  Maas  Patent  Drill  Hole 

Derby,  Jr.,  E.  L.,  Agent,  Ishpeming,  Mich. 

Compressors,  Air 

AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
General  Bleotric  Co.,  Schenectady,  N.  Y. 
Sullivan  Machinery  Co.,  122  So.  Michigan 

Ave..  Chicago,  111. 
Worthington  Pump  A  Machinery   Corp'n., 

115  Broadway,  New  York  City. 

Concentrators 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Desster  Concentrator  Co.,  Fort  Wayne,  Ind. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  Citsj. 
Trayior  Engineering  A  Mfg.  Co.,  AUentown, 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n. 
r,  N< 


Condensers,  Sorface 

Weetlnghouse  Eleetrie  ft 
Pittsburgh,  Pa. 


Mfg.  Co.,  EMt 


Contractors,  Diamond  Drilling 

Loncrear  Co.,  E.  J.,  710  Seeusltj  Bldg., 

MumeapoUs,  Minn. 
Sulfivan  MaeUnenr  Co.,  122  So.  Miehksn 

Ave.,  Chloago,  UL 

Converters,  Copper 

AlUs-Chalmers  Mfg.  Co.,  MUwaokee.  Wii. 
Trayior  En^^eering  ft  Mfg.  Co.,  AUentown, 

Pa. 
Worthington  Pump  ft^Maohlnery  Oorp'B.« 


Jimp 

.Ne 


115  Broadway.  New  York  City. 

Converters,  Blectiic,  Rotair 

General  Electric  Co.,  SoheBeetady.  N.  Y. 
Weetlnghouse  Electric   ft  Mfg.  Co.,  Esit 
PitUburgh,  Pa. 

Conveyors,  Belt 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Cohimbei, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  BMg., 

New  York  City. 


Conveyors,  Cable  Flight 
iffre 
Oh 


Jeffrev  Mfg.  Co.,  902  N.  4th  St.,  Colombui, 
"  lo. 


Conveyors,  Chain  Flight 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Cdombut, 
Ohifo. 

Conveyors,  Pan  or  A^on 

Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Cdambiii. 
Ohio. 

Conveyors,  Screw 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columboi, 
Ohio. 

Core  Drilling 

Lonryear  Co.,   E.  J.,   710  Seourity  Bldg., 

Minneapolis,  Minu. 
SulUvan  Machinery  Co.,  122  So.  Miefaigfto 

Ave.,  Chicago,  111. 

Coverings,  Pipe  and  Boiler 

Johns-Manville  Co.,  H.  W.,    296    MadJwo 
Ave.,  New  York  City. 

Crucibles 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co..  42  Brosdwsy. 

New  York  City. 

Crushers,  Coal  and  Coke 

Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Columbci. 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  BMi^ 

New  York  City. 
Worthington   Pump   ft  Maohinery  Corp'n-* 

115  Broadway,  New  York  City. 

Crashers,  Ore 

oners  Mtg.  (.    .  

Buchanan  Co.,  C.  G.,  90  Weet  St.,  New  York 


AUis-Chalmers  Mfg.  Co..  Milwaukee.  Wa 
lan  Co.,  C.  G. 

aty. 


115  Broadway,  New  York  City. 
(40)  (Please  mention  this  bullxtin  when  writing 


Colorado  Iron  Works  Co.,  Denver,  Colo. 

FuUer-Lehigh  Co.,  Fullerton,  Pa. 

Heil  Chemical  Co.,  Henry,  210-214  &  4th  6t^ 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadwe/t 

New  York  City. 
Trayior  Engineering  ft  Mfg.  Co.,  AlleBtown. 

Worthington  Pumto  ft  Maehinsiy  Cccpa- 
115  Boradway,  New  York  City. 

Crushing  Roll  Parts 

Amerioan  Manganese  Steel  Co.,  MoCorisick 
Bldg..  Chicago   111. 


•I 
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METALS  and  ORES 


Zinc  Ores,  Carbonates,  Sulphide  and 


Mixed  Ores,  Copper  Ores,  Copper 


Matte,  Copper  Bullion. 


Copper,  Spelter,  Zinc  Dust. 


Sulphuric  Acid,  and  Heavy  Chemicals. 


BEER.  SONDHEIMER  &  COMPANY,  Inc. 

61    BROADWAY,        -        NEAV   YORK 
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Crnihing  RoUs  (Pee  Rolls,  CrushinK) 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus, 
Ohio. 

Cupro-Magnaiiam  Metal 

Larino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Cvpro-Vanadium 

Primoa  Chemical  Co.,  Pzimoi.  Pa. 

Cyanida 

Roeasler  A  Haaslaoher   Chamioal   Co.,    100 
William  St.,  New  York  aty. 

Cyanidinc  Equipment 

AiUs-ChalmeiB  Mfg.  Co.,  Milwaukee,  Wb. 
Colorado  Iron  Worka  Co.,  Denver,  Colo. 
Dorr  Co.,  Denver,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allen  town. 

Pa. 
Worthington  Pump  A   Machinery   Corp'n., 

116  Broadway,  New  York  Qty. 

Dead  Homed  Magnealte 

Harbison- Walker  Refractories  Co.«  Farmers' 
Bank  Bldg.,  Pittsburgh.  Pa. 

Dewaterers 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Dorr  Co.,  Denver,  Colo. 
Traylor  Engineering  db  Mfg.  Co.,  Allentown, 
Pa. 

Diamond  Drillliic 

Longyear   Co.,   R.   J.,   710   Security   Bldg., 
Minneapolis,  Minn. 

Dredging  Machinery 

Fiory  Mfg.  Co.,  S.,  Bangor,  Pa. 

Drill  Hole  Compass  (See  Compass*  Drill  Hole) 

Drills*  Core 

Longyear  Co.,  R.   J.,   710  Security   Bldg., 

Minneapolis,  Minn. 
Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  lU. 

Drills,  Diamond 

Lonsyear   Co.,  £.   J.,   710  Security   Bldg.. 

Minneapolis,  Minn. 
Sullivan  Maemnery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  lU. 

Drills,  Electric 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 


iffrey  J 
Ohio. 


Drills,  Hammer 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo. 
Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Ctdcago,  111. 

Drills,  Prospecting 

Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  ID. 

Drills,  Rock 

Denver  Rock  Drill  Mfg.  Co..  Denver.  Colo. 
Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave..  Chicago,  lU. 

Dryers,  Ore 

Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Wedge  Mechanical  Furnace  Co.,  Greenwich 

Point.  Philadelphia.  Pa. 

Dryers,  Rotary 

Fuller-Lehigh  Co..  Fullerton,  Pa. 

Dryers,  Sand  and  Gravel 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Dumps,  Rotary 

Wood   Equipment   Co.,   McCormiok   Bldg., 
Chicago,  111. 

Dynamite 

Du  Pont  de  Nemours  A  Co.,  E.  I.,  Wilming- 
ton. Del. 

Dynamos  (See  Generators,  Electric) 


Electrical  Machinery 

General  Electric  Co..  Scheneotady,  N.  Y. 
Weetinshouse   Electric   ft    Mfg.   Co.,  Eut 
Pittsburgh,  Pa. 

Elevators,  Bucket 

Buchanan  Co.,  C.  G.,  90  West  St.,  New  York 

aty. 

Jeffrey  Mfg.  Co.,  902  N.  4tfa  St.,  Colombut. 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadvsy, 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentowa, 

Pa. 
Worthington   Pump  ft  Machinery  Corp'n., 

1 15  Broadway,  New  York  City. 

Emery  Ore 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phils* 
delphia.  Pa. 

End  Loaders  (See  Loaders,  End) 

Engines,  Gas  and  Gasoline 

AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Engines,  Haulage 

Holmes  ft  Broe..  Inc.,  Robt..  30  N.  Hasel  St.. 
Danville.  111. 

Engines,  Hoisting 

Flory  Mfg.  Co.,  S..  Bangor,  Pa. 

Holmes  ft  Bros.,  Inc..  Robt.,  30  N.  Hasel  St.. 

Danville.  lU. 
Vulcan  Ifon  Works.  1744  Main  St..  WUka- 

Barre.  Pa. 

Engines,  Oil 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Worthington   Pump  ft  Maohinery  Corp'o., 
115  Broadway,  New  York  City. 

Engines,  Steam 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wb. 

Explosives 

Du  Pont  de  Nemours  ft  Co.,  E.  I..  WilnuBr 
ton.  Del. 

Fans,  Ventilating 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 

Ohio. 
Vulcan  Iron  Works,  1744  Main  St.,  Wilk«- 

Barre,  Pa. 

Feeders,  Ore 

Buchanan  Co.,  C.  Q.,  90  West  St.,  New  York 

City. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus. 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg., 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  ADeatoaat 

Pa. 

Ferro-Chrome 

Lavino  and  Co..  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Ferro-Manganeae 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Ferro-Molybdenum 

Lavino  and  Co..  £.  J..  Bullitt  Bldg..  Phila- 
delphia. Pa. 
Primoa  Chemical  Co..  Primoa,  Pa. 

Ferro-Silicon 

Lavino  and  Co.,  E.  J..  Bullitt  Bldg..  PUia- 
delphia.  Pa. 

Ferro-Tungaten 

Lavino  and  Co..  E.  J..  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Primos  Chemical  Co.,  Primoa,  Pa. 
Ferro-Vanadium 

Primoa  Chemical  Co.,  Primoa,  Pa. 

Filtering  Paper 

Hell  Chemical  (>>.,  Henry,  21Q>214  S.  4tk  St^ 
St.  Louia,  Mo. 
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Filter! 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Traylor  Engineering  A  Mfg.  Co.,  Allen  town, 
Pa. 

Fire  CUt 

Harbison- Walker  Refractories  Co.,  Farmers' 

Bank  Bldg..  Pittsburgh.  Pa. 
Larino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 
Flotatioii,  Oil 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Flue  Welding  Machines 

MacleodCo.,  Bogen  St..  Cincinnati,  Ohio. 
Flttoreacent  Calcium  Tungstate 

Primos  Chemical  Co.,  Primos,  Pa. 
Fluorspar  (Domestic  and  Foreign) 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Forges,  Oil  and  Rivet 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Forginga,  Hearr 

Holmes  dc  Bros.,  Inc.,  Robt..  30  N.  Hasel  St., 
Danville.  111. 

Fuller  Mill  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  111. 
Furnaces,  Assay 

Heil  Chemical  Co.,  Henry,  210-214  S.  4tb  St., 

St.  Louis,  Mo. 
Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 
Fornaces,  Electric 

General  Electric  Co.,  Schenectady,  N.  Y. 
Heil  Chemical  Co.,  Henry.  210-214  S.  4th  St.. 
St.  Louis,  Mo. 
Fornaces.  Flue  Welding 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Furnaces.  Gas 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Furnaces.  Lead 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Furnaces,  Mechanical  Roasting 

Allis-Chalmeis  Mfg.  Co.,  Milwaukee,  Wi^. 
Traylor  Engineering  4c  Mfg.  Co.,  Allentown, 

Pa. 
Wedge  Mechanical  Furnace  Co.,  Greenwich 

Point,  Philadelphia.  Pa. 


Worthington    Pump   A  Machinery  Corp'n., 
"       r,  Nc 

Furnaces,  Muffle 


115  Broadway,  New  York  City. 
Miues.  Muffle 
Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 


Furnaces.  Oil 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 
Furnaces.  Reverberatory 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Furnaces,  Smelting 

Colorado  Iron  Works  Co.,  Denver.  Colo. 

Traylor  Engineering  A  Mfg.  Co.,  Allentown, 
Pa. 
Furnaces.  Tire  Heating 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Oaart 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Generators,  Acetylene  Welding  and  Cutting 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Generators,  Electric 

Allis-Chalmers  Mfg.  Co..  Milwaukee,  Wis. 
General  Eleetrio  Co.,  Seheneotady,  N.  Y. 
Goodman  Mfg.  Co..  Halstead  St.  A  48th 

Place,  Chicago,  111. 
Weetinghouse   Eleetrio   &   Mfg.    Co.,   East 

Pittoburgh,  Pa. 
Grinders,  Sample 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 


Grizzly  &  Riffle  Bars  (For  Hydraulic  Mines) 

American  Manganese  Steel  Co.,  MeCormick 
Bldg.,  Chicago.  111. 
Guns,  Cement 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Guns,  Concrete' 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Gyratory  Crusher  Parts 

American  Manganese  Steel  Co.,  MeComick 
Bldg.,  Chicago,  111. 

Hangers,  Mine 

Johns-Manville   Co.,    H.  W..  2M  Madisoa 
Ave..  New  York  City. 
Hitchings  Mine  Car 

Maeomber  A  Wbyte'.Rope^Co.,  Kenosha,  Wii. 
Hoists.  Electric 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Flory  Mfg.  Co.,  S.,  Bangor,  Pa. 
General  Electric  Co.,  Sobenectady,  N.  T. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 

Ohio. 
Vulcan  Iron  Works,  1744  Main  St..  WOkes- 
Barre,  Pa. 
Hoists,  Skip 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  AUentows, 

Pa. 
Worthington  Pump  A  Machinery  Corp'n . 

115  Broadway,  New  York  City. 
Hoists,  Steam 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Flory  Mfg.  Co.,  S..  Bangor,  Pa. 

Holmes  A  Bros..  Ino.,  Robt..  30  N.  Hasel  St. 

Danville.  III. 
Mine  and  Smelter  Supply  Co.,  42  Broadwar* 

New  York  City. 
Sullivan  Machinery  Co..  122  So.  Miohigss 

Ave.,  Chicago,  ifi. 
Vuloan  Iron  Works.  1744  Main' St..  WQkcs- 

Barre,  Pa. 
Hoppers,  Weigh 

Holmes  A  Bros..  Inc.,  Robt..  30  N.  Hasel  St.. 

Danville,  111. 
Hose,  Air 

Denver  Rock  Drill  Mfg.  Co.,  Denver.  Cdo. 
Goodrich  Rubber  Co.,  B.  P.,  Akron.  O. 
Hydrated  Ferric  Oxide  (For  Gas  Purillcatioa) 
Lavino  and  Co..  E.  J.,  Bullitt  Bldg..  Phils- 

delphia.  Pa. 

Hydraulic  Mining  Machinery 

Allis-Chalmers  Mfg.  Co..  Milwaukee.  Wis. 

Insulators,  Third  Rail 

Johns-Manville    Co.,    H.  W..  390  Madisoa 
Ave.,  New  York  City. 

Jackets,  Water 

Traylor  Engineering  A  Mfg.  Co.,  AUentows, 
Pa. 

Jaw  Crusher  Parts 

American  Manganese  Steel  Co.,  MeCormick 
Bldg.,  Chicago,  111. 

JU* 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Traylor  Engineering  dc  Mfg.  Co..  AHentown. 

Pa. 
Worthington  Pump  A  Maoliineiy  Corp  a.. 

116  Broadway.  New  York  City. 

Laboratory  Supplies 

Heil  Chemioal  Co..  Henry.  210-214  a  4th  St., 
St.  Louis,  Mo. 

Lamps,  Acetvlene 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Oluo. 

Lamps,  Electric 

General  Eleetrio  Co.,  Soheneotady,  N.  Y. 
Weetinghouse   Eleetrio  A   Mfg.  Co., 
Pittsburgh.  Pa. 
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L«ad  Acetate 

Heil  Chemioal  Co.,  Henry.  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Linings,  Ball  and  Tube 

'Baylor  Encineering  &  Mfg.  Co.,  Allentown, 
Pa. 

Linings*  Brake 

Johns-Manville    Co..    H.   W.,  296  Madison 
Ave.,  New  York  City. 

Litharge 

Heil  Chemical  Co..  Henry.  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Loaders,  End 

Holmes  &  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St., 
Danville.  111. 

Loading  Booms 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 
Ohio 

Locomotives,  Comiwessed  Air 

General  Electric  Co..  Schenectady,  N.  Y. 
Vulcan  Iron  Works,  1744  Main  St.,  Wilkes- 
Barre.  Pa. 

Locomotives,  Electric  TroUey 

General  Electric  Co.,  Schenectady,. N.  Y. 
Goodman   Mfg.  Co.,   Halstead  St.   ft  48tb 

Place,  Chicago,  111. 
Je£Frey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 

Ohio. 
Westinghouse   Electric   ft    Mfg.    Co.,    East 

Pittsburgh,  Pa. 

Locomotives,  Gasoline 

Vulcan  Iron  Works.  1744  Main  St.,  Wilkes- 
Barre,  Pa. 

Locomotives,  Steam 

Vulcan  Iron  Works,  1744  Main  St.,  Wilkes- 
Barre,  Pa. 

Locomotives,  Storage  Battery 

General  Electric  Co.,  Schenectady,  N.  Y. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 

Ohio. 
Westinghouse   Electric   ft    Mfg.   Co.,   East 

Pittsburgh,  Pa. 

Low  Carbon  Ferro-Manganese 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 


Magnesia  Brick 

Harbison- Walker  Refractories  Co.,  Farmers' 
Bank  Bldg.,  Pittsburgh.  Pa. 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Magnesite  Cement 

Lavino  and  Co..  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia. Pa. 

Magnesium  Metal  (Ingots  and  Powder.) 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Magnetic  Pulleys  (See  Pulleys,  Magnetic) 

Manganese  Dioxide  (Lump  and  Ground) 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Manganese  Ore 

Lavino  and  Co..  E.  J.,  BuUitt  Bldg.,  Phila- 
delphia, Pa. 

Meters,  Electric 

General  Electric  Co.,  Schenectady,  N.  Y. 
Westinghouse   Electric   ft   Mfg.    Co.,    East 
Pittsburgh.  Pa. 

Mica 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Mills.  BaU,  Tube  and  Pebble 

AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
FuUer-Lehigh  Co.,  FuUerton,  Pa. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 


Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington    Pump   ft    Machinery  Corp'n., 

115  Broadway,  New  York  City. 

MIUs,  Chilean 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co..  Allentown, 
Pa. 

Mills.  Stamp 

Allis-Chalmcrs  Mfg.  Co.,  MUwaukee,  Wis. 
Colorado  Iron  Works  Co..  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump   ft   Machinery  0>rp'n. 

115  Broadway,  New  York  City. 

Mine  Car  Hitchings  (See  Hitchings.  Mine  Car). 

Molybdate  of  Ammonia 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdate  of  Calcium 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdate  of  Soda 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdenum  Metal 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdenum  Ore,  Buyers  of 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdic  Acid 

Primos  Chemical  Co.,  Primos,  Pa. 

Motors,  Electric 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wi«. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 


New  York  City. 
Westinghouse    Electric 


t 


PitUburgh,  Pa. 


ft    Mfg.    Co..   East 


Muffles 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 


Ore -Bedding  Systems 

Robins  Conveying  Belt  Co..  Park  Row  Bldg., 
New  York  City. 

Ore  Handling  Machinery 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 
New  York  City. 

Ore  Milling  Machinery 

Colorado  Iron  Works  Co.,  Denver.  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Worthington   Pump   ft  Machinery  Corp'n., 

115  Broadway,  New  York  City. 

Ores,  Buyers  and  Sellers  of 

Beer,    Sondheimer    ft    Co.,    61    Broadway, 

New  York  City. 
Vogelstein  ft  Co.,  Inc.,  L.,  42  Broadway, 
New  York  City. 
Ozy-Acetylene  Apparatus 

Madeod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 

Packings,  Steam 

Johns-Manville    Co.,  H.  W.,  296    MacSsos 

Ave.,  New  York  City. 
Goodrich  Rubber  Co.,  B.  P.,  Akron,  0. 

Painting  Machines 

Macleod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 
Pipe  Insulations 

Johns-Manville    Co..  H.  W.,  200    MadiMS 
Ave..  New  York  City. 
Plate  Metal  Work  ,  ^ 

Holmes  ft  Bros..  Inc.,  Robt.,  80  N.  Hasd  SC^ 
DanviUe.  III. 

Platinum  Wire,  Foil  ft  Ware 

HeU  Chenucal  Co.,  Henry,  210-214  S.  4tb  ft. 
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PROFESSIONAL  CARDS 


WALTER  H.  ALDRIDGE 

Conitiltiiic  Mininc  and 
MetaUttrgical  Bngineer 

14  WftO  Street  NBW  YORK 


A.  CHESTER  BEATTY 

CkNisullIng  Mining  Engineer 

25  Broad  Street 

NEW  YORK,  N.  Y. 

Cable  AddrcM 

Granitic 


H.  KENYON  BURCH 

icchaelcil  u4  Nttaltirilcal  Eifllncer 

Cftre  The  Sierra  Mftdre  Club 

L.  A.  iBTMtment  Bldff. 

Lot  Anffelet,  Oalifomia 

Deeicner  and  Builder  of 
Power,  Hoieting,  Pumptne, 
CrualuBg  and  Milling  Plants. 


Spedaltiee:  Conoentration  of  Ores, 

Eoonomio  Handling  of  Materials 


J.  PARKE  CHANNING 


Coneutting  Engineer 


61  Bboadwat 


NEW  YORK 


JOHN  HAYS  HAMMOND 


Consuiting  Engineer 


120  Broadway 

Code:  B$dfordrMcNeiU 


NEW  YORK 


ABBOT  A.  HANKS 

Chemlet  and  Assayer 

Established  1866 

Control  and  Umpire  Assays,  Supervi- 
sion of  Sampling  at  Smelters,  Chemical 
Analyses  ot  Ores,  Minerals,  Mineral 
Waters,  etc. 

(30  SicrMMitt  St.       San  Francisce,  Gal. 


LEDOUX  &  COMPANY 

Assayers  and  Samplara 
99  John  Street  NEW  YORK 

Independent  Ore  and  Metal  Samplers. 

Representatives  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 


ROBERT  H.  RICHARDS 

Ore  Dr$M»\no 
Massachusetts  Institute  of  Technology 

BOSTON,  mass: 


GEORGE  WARREN  TOWER,  JR. 

and  Associates 
Ceneulting  Qeologiets  and  Mining  Engineers 

Examination.  Development  and  Manage- 
ment Properties  Gold,  Silver,  Copper  and 
Minerals  for  Making  Alloy  Steels. 

134  Woodland  Ave. 

NEW  ROCHELLE,  NEW  YORK 


POPE  YEATMAN  EDWIN  S.  BERRY 

POPE  YEATMAN 

Consulting  Mining  Engineers 

Examination,  Development  and 
Management  of  Properties. 

Ill  Broadway,  New  York 

Cable:  Code: 

IJcona  BedfardrMcNM 
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Powder,  BUttiac 

Du  Pont  de  Nemours  ft  Co.,  E.  I.,  Wilming- 
ton, Del. 

Powdered  Coel  Bquipmeot 

Fuller-Lehigh  Co..  Fullerton,  Pa. 

Power  Truumitsion  Macliinery 

Jeffrey  Mfg.  Co..  902  N.  4th  St..  Columbus, 

Ohio. 
Trsylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 


Presses,  Filter 

_  ;on   Pump 
115  Broadway,  New  York  City. 


Worthington  Pump  ft   Machinery  Corp*n.. 


Pulleys,  Magnetic 

Buchanan  Co.,  C.  G.,  00  West  St.,  New  York 

aty. 

PuWerizer  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  III. 

PulTerizers 

Heil  Chemical  Co.,  Henry.  210>214  S.  4th  St., 
St.  Louis,  Mo. 

PulTerizers,  Coal  and  Coke 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Traylor  Engineering  ft  Mfg.  Co..  Allentown, 

Pa. 

Pulverizers,  Ore 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown. 

Pa. 
Worthington   Pump   ft  Machinery  Corp'n.. 

115  Broadway,  New  York  City. 

Pumps,  Acid 

Worthington   Pump  ft   Machinery  Corp'n. 


imp 

,  Ne 


orthington   Pump   ft   Machinery  Corp'n.. 
115  Broadway,  New  York  City. 


115  Broadway,  New  York  City. 

Pumps,  Centrifugal 

Allis-Chalmers  Mfg.  Co..  Milwaukee.  Wis. 
Worthington   Pump  ft   Machinery  Corp'n., 
115  Broadway,  New  York  City. 

Pumps,  Hydraulic  Pressure 
W 

'«? 

Pumps,  Sand 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 

Pumps,  Sinking 

Worthington   Pump  ft   Machinery  Corp'n., 
115  Broadway,  New  York  City. 


Pumps.  Pneumatic  Air  Lift 

lery 
,111. 

imp 
115  Broadway,  New  York  City. 


108.1 

Sullivan  Machinerv  Co.,  122  So.  Michigan 
Ave.,  Chicago,  111. 

I,  Power 

orthington  Pump   ft   Machinery  Corp'n., 


Pumps,  Power 
W 


orthington  Pump   ft   Machinery  Corp'n., 

iw  Y 

imp   ft 
115  Broadway,  New  York  City. 


imp 
115  Broadway,  New  York  City. 

,  Track 

orthington   Pump   ft   Machinery  Corp'n., 


Pumps,  Track 


Pumps,  Stuff 
W 

V 

Pyrometers 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Quarrying  Macliinery 

Sullivan  Machinery  Co.,  122  So.  Miohigan 
Ave.,  Chicago,  111. 

Quicksilver 

Beer,    Sondheimer    ft    Co.,    01    Broadway. 
New  York  City. 


Refractories 

Harbison- Walker  Refractories  Co.,  Famcn' 
Bank  Bldg..  PItUburgh.  Pa. 
Respirators 

Goodrich  Rubber  Co.,  B.  F..  Akron,  0. 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St. 
St.  Louis,  Mo. 

Revolving  Screen  Parts 

American  Manganese  Steel  Co..  MoCormidc 
Bldg.,  Chicago,  111. 

Rock  Drill  Steel  (See  Steel,  Driin 
Rods,  Drill 

Colonial  Steel  Co..  Keystone  Bldg.,  Pitts- 
burgh. Pa. 
International  High  Speed  Steel  Co.,  00  Nas- 
sau St.,  New  York,  N.  Y. 

Roller  Mill  Parts 

American  Manganese  Steel  Co.,  McCorinick 

Bldg.,  Chicago,  111. 
Rolls,  Crusliing 

Buchanan  Co..  C.  G.,  00  West  St.,  Nesr  York 

City. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Colambiii, 

Ohio. 
Traylor  Engineering  ft  Mfg.  Co.,  AllentowD. 

Pa. 
Worthington  Pump  ft  Maehinery  Ccrp's., 

115  Broadway.  New  York  Cfty. 

Roofings,  Asbestos  and  Rubber-type 

Johns-Manville    Co..    H.  W..  200  MadiMW 
Ave..  New  York  City. 

Rope,  Wire 

Leaohen  ft  Sons  Rope  Co..  A.,  020  N.  1st  St.. 

St.  Louis,  Mo. 
Maoomber  ft  Whyte  Rope  Co.,  Kenosha,  IHi. 
Roebling's  Sons  Co.,  Jonn  A..  Trenton.  N.  J. 

Rope  Fastenings,  Wire 

Maeomber  ft  Whyte  Rope  Co.,  Kenosha,  Wit. 
Roebling's  Sons  Co.,  Jonn  A.,  Trenton,  N.J. 

Rubber  Goods,  Mechahical 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 

Samplers,  Ore 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  AllentowB 

Pa. 
Worthington   Pump  ft  Maehinery  Corp'n.. 

115  Broadway,  New  York  City. 

Scorifiers 

HeU  Chemical  Co.,  Henry,  210-214  6.  4tb 
St.,  St.  Louis,  Mo. 

Screens.  Bar 

Holmes  ft  Bros.,  Inc.,  Robt.,  30  N.  Haad  St., 
Danville.  HI. 

Screens,  Perforated  Metal 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  CohuBhui. 

Ohio. 
Screens,  Revolving 

Buchanan  Co.,  C.  Q.,  00  Weet  St.,  New  York 

City. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Cotmnbin. 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broad«sy« 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  ADeatown. 

Pa. 
Worthington  Pump  ft  Maehinery  Carp's., 

115  Broadway,  New  York  City. 

Screens.  Shaking 

Holmes  ft  Bros.,  Ino.,  Robt.,  30  N.  Haad  8t., 
Danville.  111. 
Separators,  Magnetic 

Buchanan  Co.,  C.  G.,  00  Weet  St.,  New  York 

aty. 

Shaft  Sinking  and  Development  Work 

Longyear   Co.,   E.   J.,   710  Security  BUf.. 
Minneapolis,  Minn. 
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Drill 


irm  Roek  Drill  Mfg.  Co.«  D«nT«r,  Colo. 
BOicA  Brick 


BoUItui  MMhin 
At*.,  CUmco, 


lenr 
.10. 


[fg.C 
Co., 


133  So.  MlehlcMi 


HwbiMni-W«lkOT  R«frMtoriM  Co.,  Farman* 
Bank  Bld«.,  Ptttaburgh,  Fa. 

8Uf  Hoists  (Sm  Hoists,  SUp) 

tttBO.  WIro  Bopo 

Maoombsr  it  Wliyto  Ropo  Co.,  K«nosha.Wis. 
Boobllnc's  Sons  Co.,  John  A.,  Tronton,  N.  J. 


I,   8ondh«imer   A   Co.,   91    Broadway, 
Now  York  City. 
YMnbtain  A  Co.,  Inc.,  L.,  42  Broadway, 
Now  York  aty. 

Saoltiag  Machlnory 

AUfi-Oialmera  Mfc.  Co.,  MilwaukM,  Wis. 
Cdorado  Iron  Works  Co.,  Donyor,  C<do. 
Tturlor  Bnglnosrfnc  &  Mfg.  Co.*  AUsntown, 

Worthington  Pump  A  Maohinery  Corp'n., 
llfi  Broadway.  New  York  City. 

Sods  Ask 

Hdl  Chomioal  Co..  Henry.  210-214  S.  4th  St.. 
St.  Louis,  Mo. 

^oltsr 

minolB  Zhio  Co.,  Peru,  111. 

Splogeieisoa 

LsTino  and  Co.,  £.  J..  Bullitt  Bldg..  Phila- 
dslphia.  Pa. 

Sprockets 

Ainei  lean  Manganese  Steel  Co.,  MoCormick 
Bidg.,  Chicago.  111. 

Stamp  Mfll  Parte 

Ameriean  Manganese  Steel  Co..  McCormiok 
Bkig..  Chicago,  ni. 
Steel,  Crucible 

Colonial  Steel  Co.,  Keystone  Bldg..  Pitts- 
burgh. Pa. 

SteeL  Drill,  HoUow  and  Solid 

Colonial  Steel  Co..  Keystone  Bldg..  IHtU- 

burgh.  Pa. 
DenTffr  Roek  Drill  Mfg.  Co.,  Denver.  Colo. 
International  High  Speed  Steel  Co..  00  Nas- 
sau St..  New  York.  N.  Y. 
Soliivan  Maohinery  Co.,  122  So.  Michigan 
Are..  Chicago.  111. 

8te^  Tool 

Colonial  Steel  Co.,  Keyetone  Bldg..  Pitts- 

bursh.  Pa. 
Katemational  High  Speed  Steel  Co.,  00  Nas- 
sau St..  New  York,  N.  Y. 

Stoksrs 

Westinghouse   Eleotrio   ft    Mfg.   Co..   East 
Pittsburgh.  Pa. 

Switchboards 

General  Eleetrie  Co..  Schenectady.  N.  Y. 
Westinghouse   Eleotrio   A   Mfg.   Co..    Eaat 
PItteburgh.  Pa. 

Tsbiss,  Concontrsting  (See  Concentrators) 

Test  Load 

Hell  Chemical  Co..  Henry.  210-214  S.  4th  St., 
St.  Louis.  Mo. 

.  Switch 
Macleod  Co..  Bogen  St..  Cincinnati,  Ohio. 

ThenBomotors 

Heil  Chemical  Co.,  Henry.  210-214  S.  4th  St.. 
SC  Louis.  Mo. 

TUcksBsrs,  SHrns 

Colorado  Iron  Works  Co.,  Denver.  Colo. 
Dor  Co.,  Denver.  Colo. 

Tipple  MseMnsry  Bqnipment 

JefTrey  Mfg.  Co.,  002  N.  4th  St..  Columbus. 
Ohio. 

Torckas,  CntHiig  and  Welding 

~  Co.,  Bogen  St..  Cincinnati.  Ohio. 


Robins  Conveying  Belt 


New  York  Sty. 

TrsBAwsys,  Wire  Rops,  Aorial 
Mohen  A  Sons  J 
St.  Louis.  Mo. 


Park  Row  Bldg.. 


TowOTS  sad  Bridgss,  Stocking  and  Rsclsimlng 

Co.. 

90,  Aori 
Lesehen  A  Sons  Rope  Co.,  A.,  020  N.  1st  St., 


Maoombsr  A  Whyts  Rops  Co.,  Ksnoska.  Wis. 
RoebHng's  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Traasf  ormsrs,  Bloctris 

General  Eleotrio  Co.,  Seheneetady,  N.  Y. 
Westinghouss  Eleotrio  A   Mfg.   Co.,  Bast 
Pittsburgh,  Pa. 

Traps,  Steam 

Johns-Manvllle   Co^    H.  W.,  200  Madison 
Ave.,  New  York  City. 

Tnngststs  of  Ammonia 

PrimoB  Chemical  Co..  Primos.  Pa. 

Tnngstste  of  Soda 

Primos  Chemical  Co..  Primos.  Pa. 

Tungsten  Metsl 

Lavino  and  Co.,  E.  J..  BuUitt  Bldg.,  Phfla- 

delphia.  Pa. 
Primos  Chemical  Co..  Primos.  Pa. 

Tungston  Ore 

Lavino  and  Co..  E.  J.,  BuIUtt  Bldg.,  PhNa- 
dolphia.  Pa. 

Tungsten  Ore,  Buyers  of 

j?rimos  Chemioal  Co..  Primos,  Pa. 

Tunntic  Add 

Lavino  and  Co.,  E.  J..  Bullitt  Bldg.,  Phila- 
delphia. Pa. 
Primos  Chemical  Co.,  Primos,  Pa. 

Turbines,  Hydrsnlic 

AUIs-Chalmers  Mfg.  Co..  Milwaukee,  Wis. 

Turbines,  Steam 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
General  Eleotrio  Co..  Schenectady.  N.  Y. 
Westinghouse  Electric  A   Mfg.   Co..   East 
Pittsburgh.  Pa. 

Valves,  Pnmp 

Goodrich  Rubber  Co..  B.  P..  Akron,  O. 

Vanadate  of  Ammonia 

Primos  Chemical  Co.,  Primos,  Pa. 

Vsnsdic  Acid 

Primos  Chemical  Co..  Primos.  Pa. 

Vanadium  Clilorido 

Primos  Chemical  Co..  Primos.  Pa. 

Vanadium  Ore,  Buyers  of 

Primos  Chemical  Co..  Primos.  Pa. 

Ventilating  Fans  (See  Psns,  Ventilating) 

Wagon  Loaders 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus 
Ohio. 

Weigh  Hoppers  (See  Hoppers,  Weigh) 

Wheels 

American  Manganese  Stoel  Co.,  McCornuok 
Bldg.,  Chicago,  III. 

Wheels,  Mine  Csr 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 

Wire,  Iron,  Steel  and  Copper 

Roebhng's  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Wire  Mechanism  (Lever  Control) 

GwiUiam  Co.,  253  W.  58th  St..  New  York 

aty. 

Wire  Ropo  (See  Rope,  Wire) 

Wires  and  Cables,  Electrical 

General  Electric  Co.,  Schenectady.  N.  Y. 
Goodrich  Rubber  Co..  B  F.,  Akron.  O. 
RoebUng's  Sons  Co..  John  A..  Trenton,  N:  J. 

Zinc  Dust 

Vogelstein  A  Co.,  Inc.,  L.,  42  Broadway. 
JNew  York  Qty. 

Zinc  Sheet 

Illinois  Zinc  Co..  Peru.  lU. 
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Paoi 
Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis 15 

PRODUCTS:  Mining  Machinery  of  Every  Type.  Complete  Power  and  Electrical  Equip- 
ments. 

American  Manganese  Steel  Co.,  McCormick  Building,  Chicago,  111 * 

PRODUCTS:  Caatings  for  Mining  Machinery  Parts. 

Beer,  Sondheimer  &  Co.,  Inc.^  61  Broadway,  New  York 41 

PRODUCTS:  Buyers,  Smelters  and  Refiners  of  Ores  and  Metals  of  all  classes. 

Bemis  Bro.  Bag  Co.,  65  Poplar  St.,  St.  Louis • 

PRODUCTS:  Canvas  Tubing  for  Air  Systems  in  Mines. 

Buchanan  Co.,  C.  G.,  90  West  St.,  New  York  City * 

PRODUCTS:  Crushing  and  Magnetic  Concentrating  Plants  Complete  in  All  Details.  Rock 
and  Ore  Crushers,  Crusning  Rolls,  Magnetic  Separators,  Revolving  Screens,  Bucket  Elevaton, 
Ore  Feeders. 

Colonial  Steel  Co.,  Pittsburgh,  Pa 52 

PRODUCTS:  Drill  Steel,  Tool  Steel,  Crucible  and  High  Grade  Open  Hearth  Steel. 

Colorado  Iron  Works  Co.,  Denver,  Colo Inside  Front  GoTtr 

PRODUCTS:  Complete  Equipment  for  Cyanide  and  Concentrating  Mills  and  Smelting  PlantB. 

Deister  Concentrator  Co.,  Ft.  Wayne,  Ind 23 

PRODUCTS:  Deister,  Overstrom  and  Deister-Overstrom  Tables  in  either  Single  or  Doable 
Deck  Types. 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo 11 

PRODUCTS:  Air  and  Electric  Rock  Drills,  Drill  Sharpeners.  Manufacturers  of  "Waugh" 
and  "Denver"  Drills. 

Derby,  Jr.,  E.  L.,  Agent,  Ishpeming,  Mich * 

PRODUCTS:  The  Mass  Drill  Hole  Compass  for  determining  direction  and  dip. 

Dorr  Co.,  Denver,  Colo • 

PRODUCTS:  Machinery  in  use  for  Cyaniding.  Wet  Gra%nty  Cpncentration,  Flotation, 
Leaching  Copper  Ores  and  many  non-metallurgical  industrial  processes. 

Du  Pont  de  Nemours  &  Co.,  E.  L,  Wilmington,  Del * 

PRODUCTS:  Explosives,  Blasting  Powder,  Dynamite,  etc. 

Flory  Mfg.  Co.,  S.,  Bangor,  Pa 27 

PRODUCTS:  Mine  and  Contractors'  Hoists,  Cable  ways.  Capstans,  Winchea,  Marine 
Railway  Hoists,  etc. 

FuUer-Lehigh  Co.,  FuUerton,  Pa 13 

PRODUCTS:  The  FuUer-Lehigh  Pulveriier  Mill,  Cement  Mill  Machinery,  Powdered  Coal 
Equipment,  Gyratory  Crushers,  Roll  Crushers,  Rotary  Dryers.  Car  Wheels  and  Axles, 
Chemical  Castings,  Charcoal  Iron  Castings,  Chilled  Castings. 

General  Electric  Co.,  Schenectady,  N.  Y Outside  Back  Cover 

PRODUCTS :  Electric  Mine  Locomotives.     Electric  Motors  for  Operating  Mining  Machinery. 

Goodman  Mfg.  Co.,  Chicago,  III 29 

PRODUCTS:  Electric  and  Air  Power  Coal  Cuttero.  Electric  Mine  Locomotives.  Power 
Plants. 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O Inside  Back  Cover 

PRODUCTS:  Goodrich  "Ix)nglife."  "Dredge,"  Vanner,  Take-off  and  Magnetic  Separator 
Conveyor  Belts. 

GwiUiam  Co.,  253  West  58th  St.,  New  York  City * 

PRODUCTS:  Ball  and  Roller  Bearings.  The  Bowden  Patent  Wire  Mechanism  for  the 
Transmission  of  Reciprocating  Motion  Through  a  Flexible  and  Tortuous  Route. 

Harbison-Walker  Refractories  Co.,  Pittsburg,  Penna ' 

PRODUCTS:  Refractories  for  Blast  Furnace  and  the  Open  Hearth,  Electrical  Furnaces, 
Copper  Smelting  Plants.  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes  and  Droas  Furnaces, 
Alloy  Furnaces,  as  well  as  all  other  types  in  use  in  the  various  metallurgical  processes. 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th.  St.,  St.  Louis,  Mo * 

PRODUCTS:  Chemicals  and  Chemical  Apparatus.  Supplies  for  Mines,  Smelters.  Iron 
and  Steel  Works,  Schools,  Colleges,  and  Umversities. 

Holmes  &  Bros.,  Inc.,  Robt,  30  N.  Hazel  St.,  Danville,  III 25 

PRODI' CTS:  Engineers,  Founders.  Machinists  and  Boiler  Makers.  Builders  of  Hoisting 
and  Haulage  Engines.  Shake  Srreens  and  Weigh  Hoppers,  Self  Dumping  Cages  and  Empty 
Car  Lifts,  Mill  and  Mine  Supplies. 

*  Advertisement  does  not  appear  in  this  issue,  but  products  are  listed  In  Classified  List  of  Mininf 
and  Metallurgieal  Equipment. 
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ALPHABETICAL  LIST  OF  ADVERTISERS  (Continued) 

Paqb 
Illinois  Zinc  Co.,  Peru.  Ill 39 

PUODUCT8:  Spelter,  Sheet  Zinc  and  Sulphuric  Acid-l 

International  High  Speed  Steel  Co.,  99  Nassau  St.,  New  York  City 9 

PRODUCTS:  Drill  Steel.  Tool  Steel,  Drill  Rods. 

JeiErey  Mfg.  Co.,  902  N.  Fourth  St..  Columbus,  0 33 

PRODUCTS:  Electric  Coal  Cutters  and  Drills;  Electric  and  Storafre  Battery  Locomotivee; 
Coal  Tipple  Machinery  including  Elevators,  Conveyors,  Picking  Tables  and  Loading  Booms, 
Car  Hauls,  Car  Dumps,  Screens,  Crushers,  Pulverisers,  Fans,  Hoists,  etc. 

Johns-HaiiYiUe  Co.,  H.  W.,  New  York  City 35 

PRODUCTS:  Asbestos  and  Rubber-type  Roofings,  Roof  Coating,  Pteam  Pac]png8,  Pipe 
Insulations,  Cements.  Brake  Lining  and  Brake  Blocks,  Steam  Traps,  Third  Rail  Insulators, 
Mine  Hangers,  Moulded  Mica  Weatherproof  Sockets,  Electrical  Tapes  and  Fuses. 

Lamo  &  Co.,  E.  J.,  Bullitt  Bldjc.,  Philadelphia,  Pa 37 

PRODUCTS:  Ores:  Manganese,  Chrome,  Iron,  etc.     Ferro  Alloys  and  Metals.     Pig  Iron. 

Lescfaen  &  Sons  Rope  Co.,  A.,  St.  Louis,  Mo * 

PRODUCTS:  Wire  Rope  for  all  purposes,  including  Hercules  Red  Strand  Wire  Ropo,  and 
Wire  Ropes  of  Patent  Flattened  Strand  and  Locked  Coil  constructions.  Aerial  Wire  Rope 
Tramways  for  economical  transportation  of  material. 

Longyear  Co.,  E.  J.,  710  Security  Bldf;.,  Minneapolis,  Minn * 

PRODUCTS:  Contract  Diamond  Drilling,  Manufacture  of  Diamond  Drills  and  Supplies, 
Shaft  Sinking  and  Development  Work,  Geological  Department. 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio ♦ 

PRODUCTS:  Oxy- Acetylene  Cutting  A,  Welding  Apparatus  for  mine  repair' work,  also  port- 
able oil  burners  for  same  purpose,  metallurgical  furnaces,  carbide  lights,  ana  sand  blast  outnts. 

Macomber  &  Whyte  Rope  Co.,  Kenosha,  Wis * 

PRODUCTS:  Monarch  Whyte  Strand  Wire  Rope,  Patent  Kilindo  Non-Rotating  Wire  Rope. 
Wire  Rope  of  all  Grades  and  Constructions.     Patent  Monarch  Mine  Car  Hitchings. 

Mine  &  Smelter  Supply  Co.,  42  Broadway,  New  York  City 21 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

Primos  Chemical  Co.,  Primes,  Pa * 

PRODUCTS:  Molybdenum,  Tungsten  and  Vanadium  Products.  Buyers  of  Molybdenum, 
Tungsten  and  Vanadium' Ores. 

Robins  ConY^Ing  Belt  Co.,  Park  Row  Bldg.,  New  York  City. 31 

PRODUCTS:  Belt  Conveyors,  Bucket  Elevators,  Ore  Bedding  Systems,  Unloading,  Stocking 
and  Reclaiming  Towers  and  Bridges,  Conveyor  Auxiliaries. 

Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J ♦ 

PRODUCTS:  Wire  Rope  fur  Mining  Work.  Stock  shipments  from  agencies  and  branches 
throughout  the  country. 

Roessler  &  Hasslacher  Chemical  Co.,  100  William  St..  New  York 43 

PRODUCTS:  Cyanide  of  Sodium  and  Other  Chemicals  for  Mining  Purposes. 

SttUiTsn  Machinery  Co.,  122  S.  Michigan  Ave.,  Chicago.  Ill * 

PRODUCTS:  Coal  Pick  Machines,  Air  Compressors,  Diamond  Core  Drills,  Rock  Drills,  Ham- 
mer Drills.  Mine  Hoists,  Chain  Cutter,  Bar  Alachines,  Fans. 

Traylor  Engineering  &  Mfg.  Co.,  AUentown,  Pa 19 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

Vogelstein  &  Co.,  Inc.,  L.,  42  Broadway,  New  York * 

PRODUCTS:  Buyers,  Smelters  and  Refiners  of  Ores  and  Metals  of  all  classes. 

Vulcan  Iron  Works,  Wilkes-Barre,  Pa 7 

PRODUCTS:  Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoistinii;  and  Haulage  Engines, 
Mining  Machinery,  etc.     Nicholson  Device  for  Prevention  of  Overwinding. 

Wedge  Mechanical  Furnace  Co.,  Greenwich  Point,  Philadelphia,  Pa * 

PRODUCTS:  The  Wedge  Mechanical  Roasting  Furnace  (Patented). 

Westingbottse  Electric  &  Mfg.  Co.,  East  Pittsbui^gh,  Pa * 

PRODUCTS:  The  Baldwin- Wcstinghouse  Electric  Mine  Locomotives.  Electrical  Machin- 
ery: Turbines,  Generators,  Motors,  etc. 

Wood  Equipment  Co.,  McCormick  Bldg.,  Chicago,  111 * 

PRODUCTS:  The  Pneumatic  Rotary  Dump  (Wood  and  Ramsay  Patents).  Adaptable  to 
all  mining  conditions — old  or  new  operations. 

Worthington  Pump  and  Machinery  Corp'n,  115  Broadway,  New  York 17 

PRODUCTS:  Laidlaw   Feather   Valve   Air   Compressors,    Direct   Acting   and   Centrifugal 

Pumps,  Power  Pumps,  Rock  and  Ore  Crushers,  Crushing  Rolls,  Tube  Mills,  Converters, 

Woodbury  Jigs,  Snow  Oil  Engines. 

*  Advertisement  does  not  appear  in  this  issue,  but  products  are  listed  in  Classified  List  of  Mining 
and  Metallurgical  Equipment. 
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COLONIAL  STEEL  CO. 


RED  STAR  BRAND 

Hollow  Drill  Steel 


RED  STAR  is  a  tough,  strong,  good  cutting  drill  steel,  free  from  interior 
defects. 

The  hole  is  regular  and  umlorta  in  size  and  shape  and  of  the  same  diameter 
throughout. 

STANDARD  STOCK  SIZES 

Round,  T,  I^  and  i^;  length,  i;  to  iS  ft. 
Hexagon.  %,  i.  i"^  and  iHl  length,  15  to  18  ft. 


COLONIAL  STEEL  CO. 

PITTSBURGH,  PA. 

Salet  Office*:  Bo«tan,  Hus.,    Mew  York,  N.  Y.,    Chicago,  lU.,  Sl  Loub,  Uo., 
Denver,  Col.,     Salt  Lake  Gty,  Utah. 


HOSE  for  Water,  Steam,  Oil, 
Acid,  Chemicals,  Liquid,  Sand 


Accepted   Standards 

IT  IS  a  reasonable  statement  that  now 
is  no  time  to  fool  with  'just  as  good'' 
brands. 

The  entire  nation  is  fighting  for  big  stakes, 
and  American  industry  is  in  the  fight 
clear  to  the  hilt  So  when  we  advocate 
Goodrich  Made  Rubber  Goods  —  and 
Goodrich  Hose  for  all  purposes  is  a  most 
important  part  of  the  Ikie — we  do  so 
with  a  clean  record  of  50  years'  standing 
to  back  up  our  recommendation. 

^A/e  invite  your  correspondence. 

THE  B.F.GODDRICN  RUBBER  CBHPANY 

Makers  of  the  Celebrated  Goodrich  Automobfle  TirM<« 

"Be9i  in  the  Long  Ran" 


The  aty  of  Goodrich-AKRON,  OHIO 


MADE 


BY 


[PleaM  mention  this  bulletin  when  writing  advertieen.] 


(5; 


JUL    28  1922 


Bulletin  of  the 

American  Institute  of 

Mining  Engineers 

PUBLISHED  MONTHLY 
SPECIAL  FEATURES 

MILWAOEEE  MEETING Page         i» 

CONSERVATION  OF  PETROLEUM  PRODUCTS 

(HEW  YORK  SECTION) Page  T 

NEWS  OF  THE  FIGHTING  ENGINEERS Page      jvii  . 

ENGINEERING  COUNCIL  ACTIVITIES  Page       oii 

TECHNICAL  PAPERS,  See  page  i. 


i  1  he  Toremost  Uewaterins  Uevice  I 


when  wtUing  idvcrtiier*.! 


Bulletin  of  the  American  Institute 

of  Mining  Engineers 


No.  143  NOVEMBER  1918 


CONTENTS 

CURRENT  MATTERS 

New  York  Meeting iii    Personal xxv 

Ifilwattkee  Meeting iv    Positions  Vacant xxvii 

Local  Section  News:                                      Engineers  Available zxviii 

New  York  Section v    Library xxx 

Montana  Section ziii    Forthcoming  Meetings zzzi 

Woman's  Auxiliary ziii  Biographical  Notices: 

Died  in  Service zv        Edgar  A.  Collins zzzii 

In  Memoriam xvi        Theodore  E.  Schwaiz xxxiv 

News  from  Members  in  Service. . .     zvii  Membership: 

Members  in  Military  Service ziz        New  Members zizvi 

Engineering  Council:  Change  of  Address xzzviii 

Reorganizing  American  Engineers    zzii        Addresses    Wanted ziii 

War  Committee  of  T echnical                 Necrology zliii 

Societies zziii        Candidates  for  Membership zliii 

Spokane   Engineering   and   Tech-              Institute  Committees liii 

nical  Association zziv    Officers  and  Directors Izii 

Delays  in  Publication zziv 


TECHNICAL  PAPERS 

Pure  Carbon-free  Manganese  and  Manganese  Copper.    By  Abthur  F.  Braid.  1697 
Uetallographic  Investigation  of  Transverse-fissure  Rails  with  Special  Refer- 
ence to  High-phosphorus  Streaks.    By  George  F.  Cohbtock 1609 

Discussion^  Colorado  Meeting : 
Skowronski,  S. — ^The  Relation  of   Sulphur  to  the  Overpollng  of  Copper. 

Discussed  by  F.  Johnson 1637 

Hansen,  C.  A. — ^Electrolytic  Zinc.    Discussed  by  S.  J.  Jennings  and  the 

Author 1638 

J^Fries,  Zay. — ^The  Metallography  of  Tungsten.   Discussed  by  Paul  D.  Merica, 

J.  C.  W.  Humfrey 1641 

Pidton,  C.  *H. — ^The  Condensation  of  Zinc  from  Its  Vapor.    Discussed  by 

E.  E.  Thum .' 1649 

Keeney,  R.  M. — ^The  Manufacture  of  Ferro-alloys  in  the  Electric  Furnace. 

Discussed  by  E.  S.  Bardwell,  H.  W.  Gillett 1651 

Eschholz,   O.  H. — ^Electrostatic  Precipitation.    Discussed  by  H.  F.  Fisher, 

B.  L.  Sackett,  L.  D.  Ricketts,  H.  D.  RandaU,  E.  P.  Mathewson,  F.  H. 

Viets,  F.  G.  Cottrell,  G.  B.  Rosenblatt,  E.  E.  Thum,  E.  R.  Wolcott,  Linn 

Bradley. 1654 

Crowe,  T.  B. — ^The  Effect  of  Ozygen  upon  the  Precipitation  of  Metals  from 

^anide  Solutions.    Discussed  by  J.  V.  N.  Dorr,  A.  L.  Blomfield,  G.  T. 

Buuisen,  G.  M.  Taylor,  G.  H.  Clevenger 1667 

1 


11 


Monthly  Bulletin  No.  143,  November,  1918 


Biomfield,  A.  L.  and  Trott,  M.  J. — Roasting  for  Amalgamating  and  Cyanid- 

ing   Cripple    Creek    Sulphotelluride   Gold   Ores.    Discussed   by  J.  M. 

Tippett 1668 

MoeUer,  Frank. — The  Tailing  Excavator  at  the  Plant  of  the  New  Cornelia 

Copper  Co.,  Ajo,  Ariz.    Discussed  by  £.  P.  Mathewson,  A.  F.  Case 1670 

Moore,  R.  B. — Radium.    Discussed  bv  W.  A.  Schlesinger  and  the  Author.  1672 
Brokaw,  A.  D. — ^An  Interpretation  of  the  So-called  ^u-afBln  Dirt  of  the 

Gulf  Coast  Oil  Fields.    Discussed  by  W.  G.  Matteson 1674 

Blauvelt,  W.  H.— The  Byprodu<ft  Coke  Oven  and  Its  Products.    Discussed 

by  Graham  Bright,  S.  A.  Moss,  J.  I.  Thompson 1677 

Collins,  H.  R. — The  Use  of  Coal  in  Pulverized  Form.    Discussed  by  E.  A. 

Holbrook,  Walter  Graham,  Bradley  Stoughton,  Milnor  Roberts,  Erskine 

Ramsey,  H.  N.  Eavenson  and  the  Author 1678 

Hill,  F.  A.— Coal  Ifining  in  Washington.    Discussed  by  Milnor  Roberts. . .  1684 
Malcolmson,  C.  T.— Carbocoal.    Discussed  by  F.  W.  Sperr,  Jr.,  Charies 

H.  Smith,  A.  W.  Calloway 1686 

Miller,  F.  C. — Development  of  the  Coke  Industry  in  Colorado,  Utah  and 

New  Mexico.    Discussed  by  C.  H.  Gibbs 1693 

Discussion,  Milwaukee  Meeting: 
Traer,  G.  W.— Low-temperature  Distillation  of  Illinois  and  Indiana  Coals. 

Discussed  by  S.  W.  Parr 1695 


ADVERTISING  • 

Industrial  Section (3) 

DispLav  Advertisements (5) 

Classified  List  of  Mining  and  Metallurgical  Equipment (28) 

Alphabetical  List  of  Advertisers (40) 

MINING  AND  METALLURGICAL  INDEX (6)  to  (26) 


BULLETIN  OF  THE 

AMERICAN  INSTITUTE  OF 

MINING  ENGINEERS 

PUBLISHED  MONTHLY 


Na  143  NOVEMBER  1918 


Ptiblklied  Monthly  by  the  Amsxioan  Initituto  of  Mining  EnginMn  at  212-218  York  St.,  York,  Pa., 
H.  A.  Wifotskey,  Publieation  Managor.  Editorial  Office.  29  West  39th  St..  New  York,  N.  Y..  Bbadlbt 
vrouoBTON,  Editor.  Cable  addrees, "  Alme,"  Western  Union  Telegraph  Code.  SubeeripUon  (inoluding 
Portege)i  tlO  per  annum:  to  members  of  the  Institute,  public  libraries,  eduoational  institutions  and  teeh- 
oiosi  soeieties,  $6  per  annum.  Single  copies  (including  postage),  $1  each;  to  members  of  the  Institute. 
piibUe  libraries,  ete.«  50  oenta  each. 

Entered  as  Second  Class  matter  January  28,  1914.  at  the  Post  Office  at 
York.  Pennsylvania,  under  the  Act  of  Martfh  3,  1879^ 


NEW  YORK  MEETING,  FEBRUARY  17-20,  1919 

In  preparation  for  the  119th  meeting,  New  York,  Feb.  17  to  20,  1919, 
the  following  committees  have  been  appointed: 

Committee  on  Arrangements 

Allen  H.  Rooers,  Chairman.  W.  S.  Dickson,  Secretary. 

J.  E.  Johnson,  Jr.  F.  T.  Rubidge.  P.  G.  Spilsbury. 

H.  C.  Parmelee.  Forest  Rutherford. 

Committee  on  Annual  Dinner  Committee  on  Luncheon 

F.  T.  Rxtbidge.  Forest  Rutherford,  Chairman. 

E.  B.  Sturgis.  E.  Maltby  Shipp. 

Committee  on  Patriotic  Meeting 
H.  C.  Parmelee,  Chairman. 

CLOSING  DATE  FOR  PAPERS  FOR  THE  NEW  YORK  MEETING 

The  Committee  on  Papers  and  Publications  has  set  Dec.  1,  1918, 
as  the  closing  date  for  the  receipt  of  manuscripts  of  papers  intended  for 
presentation  at  the  New  York  Meeting,  in  February.  Such  papers 
as  are  to  be  submitted  to  technical  committees  of  the  Institute,  before 
submission  to  the  editors,  should  be  sent  to  such  committees  in  ample 
time  to  allow  them  to  be  forwarded  to  us  on  or  before  the  above  date. 
In  order  to  permit  publication  in  the  January  Bulletin  y  for  the  sake  of 
wider  circulation  before  the  meeting,  it  is  desirable  for  manuscripts 
to  be  received  earlier  than  the  date  mentioned.  Papers  received  toward 
the  end  of  November  will  probably  not  appear  in  a  Bulletin  earlier 
than  that  for  February,  1919,  which  will  allow  only  a  few  days  for  pub- 
lication and  circulation  before  the  meeting. 

•  •  ■ 
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MILWAUKEE  MEETING 

The  One  Hundred  Eighteenth  Meeting  of  the  Institute  was  held  at. 
the  Milwaukee  Auditorium,  on  Tuesday,  Oct.  8,  to  Thursday,  Oct.  10, 
inclusive,  1918,  under  the  joint  auspices  of  the  Committee  on  Iron 
and  Steel  (Chairman,  Prof.  J.  W.  Richards),  and  the  Institute  of  Metals 
Division  (Chairman,  WiUiam  M.  Corse),  and  simultaneously  with  sessions 
of  the  American  Foundrymen's  Association  and  of  the  American  Malleable 
Castings  Association.  It  was  preeminently  a  war  meeting.  It  was 
attended  by  104  members  of  the  Institute. 

The  social  features,  so  far  as  the  members- of  this  Institute  were 
concerned,  were  slight,  but  generous  and  appropriate  entertainment 
was  offered  to  the  ladies,  consisting  of  automobile  sight-seeing  trips, 
reception,  concert  and  dance  on  Tuesday  evening,  a  theatre  party  Wednes- 
day evening,  and  a  banquet  in  the  Auditorium  Thursday  evening,  at 
which  the  speakers  were  Charles  M.  Schwab,  Director  General  of  the 
United  States  Shipping  Board  Emergency  'Fleet  Corporation,  Major 
A.  Radclyffe  Dugmore,  and  W.  H.  Blood,  Jr.,  Assistant  to  the  President 
of  the  American  International  Shipbuilding  Corporation. 

A  joint  session  was  held  on  Tuesday  morning,  at  which  an  addres 
of  welcome  was  delivered  by  Hon.  Emanuel  L.  Phillipp,  Governor 
of  Wisconsin,  with  a  response  by  Benjamin  D.  Fuller,  President  of  the 
American  Foundrymen's  Association,  and  the  following  addresses: 

Activities  of  the  Army  Ordnance  Department,  Especially  as  Applied  to  Foundry 
Matters.  By  C.  S.  Koch,  Cannon  Section,  Production  Division,  Ordnance  Depart- 
ment, Washington,  D.  C. 

Co5peration  between  the  Railroad  Administration  and  the  Metal-working  Indus- 
tries. By  E.  D.  Brigham,  Manager,  iron  ore,  coal  and  grain  traflSc,  United  States 
Railroad  Administration,  Duluth. 

Modem  Methods  of  Transferring  Skill,  illustrated  by  military  films.  By  Major 
Frank  B.  Gilbreth,  Providence,  R.  I. 

On  Wednesday  morning,  the  Institute  of  Metals  Division  conducted 
a  symposium  on  the  conservation  of  tin,  while  the  iron  and  steel  section 
covered  the  programs  of  both  the  iron  and  steel  and  the  coal  and  coke  ses- 
sions, as  scheduled  in  the  announcement  published  in  the  September 
Builetin,  The  symposium  on  tin  will  be  published  in  its  entirety  in  the 
December  Bulletin. 

On  Wednesday  afternoon  and  Thursday  morning  the  Institute  of 
Metals  Division  conducted  the  sessions  previously  announced  for  these 
occasions,  dealing  mainly  with  the  metallurgy  of  copper,  zinc,  brass, 
bronze,  and  amalgams. 

A  complete  list  of  all  the  papers  presented  at  these  sessions  will  be 
printed  in  the  December  Bulletin,  which  will  also  contain  the  discussion 
elicited  by  each  paper. 

The  plants  opened  to  inspection  by  visitors  to  Milwaukee  included 
some  very  large  industrial  concerns,  such  as  the  AUis-Chalmers  Manufac- 
turing Co.,  the  Bucyrus  Co.,  the  Wisconsin  Gun  Co.,  the  Worthington 
Pump  and  Machineiy  Corporation,  and  many  important  iron  and  steel 
foundries,  as  well  as  the  pulverized-coal  boiler  plant  of  the  Milwaukee 
Railroad  and  Electric  Power  Company. 
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LOCAL  SECTION  NEWS 

NBW  YORK  SECTION 

Allen  H.  Rogers,  Chairman^  H.  C.  Parmelee,  Vi4»<havrmanj 

Forest  Rutherford,  Vice-chairmanf 
W.  S.  Dickson,  Secretary^  71  Broadway,  New  York,  N.  Y. 
J.  E.  Johnson,  Jr.  F,  T.  Ritbidqe,  TreasureTf  P.  G.  Spilsburt. 

A  meeting  of  the  New  York  Section  was  held  at  the  Machinery  Club 
on  Friday  evening,  Oct.  4, 1918,  the  Chairman,  AUen  H.  Rogers,  presiding. 

The  Chairman. — Most  of  us,  I  suppose,  have  been  affected  more  or 
less  by  the  request  of  the  Fuel  Administration  that  we  leave  our  auto- 
mobiles standing  in  the  garages  on  Sundays.  We  shall  all  be  interested 
in  hearing  about  the  situation  that  has  called  forth  this  request,  and 
the  Oil  Administrator,  Mr.  Requa,  has  kindly  come  from  Washington 
to  tell  us  about  it. 

Mark  L.  Requa. — I  am  very  glad  to  tell  you  about  the  oil  problem 
during  this  war  period. 

The  United  States  is  supplying  by  far  the  greater  part  of  all  the 
petroleum  products  consumed  in  Great  Britain,  France  and  Italy.  In 
addition  to  this,  we  have  had  to  supply  a  marked  increase  in  our  domestic 
consumption,  not  only  of  the  refined  products,  but  of  fuel  oil  as  well. 
The  combination  has  put  a  strain  on  the  oil  industry,  which  it  is  very 
difficult  to  meet.  The  oil  companies,  being  under  contract,  had  no 
option  as  to  who  should  get  their  oil  first,  and  they  were  delivering  pro 
rata  to  everybody;  manufacturers  of  furniture  were  getting  oil  with  the 
same  regularity  as  those  who  were  making  aeroplanes  or  munitions,  and 
the  oil  companies  felt  that  something  should  be  done. 

The  first  order  with  which  I  had  anjrthing  to  do  was  the  priority  list 
for  the  delivery  of  fuel  oil.  That  list  contained  12  classifications,  begin- 
ning with  bunker  fuel  and  railroads,  and  you  will  realize  the  complexity 
of  the  situation  when  you  hear  that  munitions  plants  are  in  class  11. 
The  priority  list  held  during  the  winter,  but  transportation  became  so 
bad,  because  of  the  number,  of  ships  that  were  taken  for  trans-Atlantic 
use,  that  some  of  the  oil  companies  were  not  able  to  deliver  more  than 
about  60  per  cent,  into  class  5,  and  nothing  beyond  that  point.  To  add 
to  the  troubles,  the  tank-car  mileage  fell  off.  The  average  for  1917  was 
about  36  miles  per  car  per  day;  in  January,  1918,  it  dropped  to  about 
8  miles,  and  it  must  have  been  nearly  zero  in  the  early  part  of  February. 
Because  of  the  extremely  severe  winter,  furthermore,  pipe  lines  were  not 
delivering  anywhere  near  their  normal  capacity. 

A  new  priority  list  has  recently  been  promulgated,  introducing  a  few 
slight  changes.  Natural  gas  has  been  brought  under  its  provisions,  and 
it  has  been  extended  to  include  the  Pacific  Coast,  which  was  not  con- 
sidered necessary  last  winter.  The  situation  in  the  gas  industry  is  not 
satisfactory;  it  is  estimated  that  there  will  be  a  decrease  of  10  to  20  per 
cent,  in  the  quantity  of  natural  gas  available  this  winter,  as  compared 
with  last  winter. 
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It  is  not  possible  to  meet  satisfactorily  the  demand  for  oil.  We 
could  probably  put  100,000  bbl.  a  day  into  England,  and  another  100,000 
bbl.  into  France,  if  we  had  adequate  transportation,  and  I  know  we  could 
dispose  of  100,000  bbl.  a  day  along  the  Atlantic  seaboard,  so  the  whole 
question  is  in  one  of  supply.  The  growth  of  the  oil  industry  from  1861 
to  1917  has  averaged  9.5  per  cent,  increase  every  year;  from  1904  to 
1917,  the  annual  increment  has  been  about  8.5  per  cent.  We  require 
this  year,  to  meet  the  normal  expected  increase,  not  less  than  25,000,000 
bbl.  of  oil  above  last  yearns  output,  and  I  presume,  because  of  the  war 
demands,  the  increase  will  be  greater  than  that. 

It  is  obviously  very  difficult  to  provide  transportation  for  that  tre- 
mendous annual  increase  in  the  face  of  the  demand  for  transportation 
of  material  for  other  purposes.  The  pipe  lines  to  the  Atlantic  seaboard 
are  running  to  capacity;  these  lines  have  been  augmented  this  summer, 
increasing  their  capacity  by  about  25,000  bbl.  The  pipe  lines  to  the 
Gulf  are  also  operating  nearly  to  capacity.  These  two  pipe-line  systems 
are  delivering  about  half  of  the  production  east  of  the  Rocky  Mountains. 
The  remainder  is  sent  inland  and  is  distributed  by  tank  cars,  and  if  it 
reaches  the  eastern  seaboard  at  all  it  arrives  in  the  form  of  refined  prod- 
uct. The  Mexican  situation  has  been  very  unsatisfactory,  although 
we  have  been  able  to  bring  a  little  more  oil  out  of  Mexico  this  year  than 
last  year. 

The  draft  on  stocks  in  1917  was  about  21,000,000  bbl.  but  during  the 
first  6  months  of  this  year,  as  compared  with  the  same  6  months  last  year, 
the  draft  has  increased  22  per  cent. 

I  am  glad  to  say  that  there  is  a  silver  lining  to  the  cloud;  a  new  oil 
field  is  being  developed  in  Texas  which  bids  fair  to  meet  all  the  require- 
ments for  some  time  to  come.  This  is  the  Ranger  Field,  in  Eastland 
County,  about  100  miles  west  of  Dallas.  The  oil  is  found  at  a  depth  of 
3000  or  3200  ft.,  the  wells  are  large,  the  oil  is  of  excellent  quality,  and 
there  is  a  production  of  about  20,000  bbl.  a  day  at  the  present  time. 

Recent  conferences  have  decided  upon  the  building  of  pipe  lines  from 
the  Ranger  Field  to  tide- water;  these  will  be  equipped  to  carry  about 
100,000  bbl.  of  oil  a  day,  and  it  is  estimated  that  within  9  months  from 
now  they  will  be  running  to  capacity. 

The  oil  from  this  new  field  will  also  go  north  to  Oklahoma,  where  there 
are  many  refineries  that  are  not  now  adequately  supplied  with  crude  oil. 
As  a  matter  of  fact,  the  refinery  capacity  of  the  country  is  about  30 
per  cent,  in  excess  of  the  crude  supply,  or  was,  some  months  ago,  when 
an  investigation  was  made. 

On  account  of  the  lack  of  oil  at  the  smaller  Oklahoma  refineries,  keen 
competition  grew  up  there,  which  had  to  be  stopped.  When  I  imder- 
took  this  work,  the  posted  price  of  oil  in  the  Oklahoma  Field  was  25  c. 
a  barrel  less  than  it  is  at  present,  and  in  Texas,  where  there  was  no  posted 
price,  it  was  50  c.  a  barrel  less  than  now.  I  think  the  oil  producers  of 
Texas  took  advantage  of  certain  conditions  to  advance  the  price  unduly. 
They  were  entitled  to  an  increase — whether  it  should  have  been  50  c. 
a  barrel,  or  something  less,  I  do  not  know  that  we  can  determine  accurately 
— but  my  belief  is  that  they  got  about  15  c.  more  than  they  were  entitled 
to.  There  was  a  great  deal  of  criticism  that  I  should  have  permitted  the 
advance  at  that  time,  but  after  a  careful  field  investigation  by  several 
agents,  who  were  practical  oil  men  from  California,  and  hence  were 
not  particularly  interested  in  the  eastern  situation,  and  after  conference 
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with  the  marketing  companies  and  the  producers,  I  became  satisfied  that 
it  was  wise  to  permit  an  advance  of  26  c.  a  barrel  in  Oklahoma.  We  were 
not  getting  the  oil  we  required,  and  nowhere  near  it;  we  ran  20-odd 
million  barrels  behind  last  year.  The  consensus  of  opinion  was  that  a 
little  more  stimulus  was  required  to  produce  the  oil  necessary  in  Okla- 
homa; so  the  posted  price  was  advanced  25  c.  a  barrel  by  the  Prairie  Pipe 
Line,  and  has  been  maintained  at  that  figure  ever  since. 

There  is  no  provision  in  the  Lever  Bill — which  is  the  authority  under 
which  both  Mr.  Hoover  and  Dr.  Garfield  are  operating — ^for  price-fixing; 
it  does  permit  regulation  of  profits.  Section  25  of  the  bill  does  provide 
for  the  fixing  of  coal  and  coke  prices,  but  that  section  has  nothing  to  do 
with  any  other  part  of  the  bill,  and,  as  a  matter  of  fact,  was  added  as  an 
afterthought,  to  make  unnecessary  the  passage  of  another  bill;  hence  the 
Fuel  Administration  has  direct  authority  to  fix  the  prices  of  ooal  and  coke, 
but  not  of  oil.  As  a  matter  of  fact,  it  does  not  need  this  authority, 
for  two  reasons — ^first,  because  the  posted  price  in  the  field  can  be  regulated 
at  any  time;  secondly,  because  the  industry  has  expressed  and  carried 
out  a  complete  harmony  of  action,  and  has  exhibited  unvarying  willing- 
ness to  conform  to  the  expressed  wishes  of  the  Fuel  Administration. 
Thus,  while  as  a  matter  of  law  no  regulation  of  prices  is  possible,  as  a 
matter  of  fact,  prices  can  be  and  have  been  regulated,  by  the  voluntary 
acts  of  the  industry. 

Of  the  100,000,000  bbl.  of  stored  oil  available  in  the  eastern  United 
States,  at  least  80  per  cent,  is  in  the  hands  of  the  former  Standard  Oil 
group,  and  the  entire  number  of  companies  owning  the  remaining  20  per 
cent,  is  probably  not  25  or  30;  the  oil  storage  of  the  country  is  actually  in 
the  hands  of  a  very  few  companies.  On  my  requesting  these  companies 
to  allocate  some  of  their  oil  to  the  smaller  refineries,  they  offered  20,000 
bbl.  a  day  for  allocation.  Some  18,000  bbl.  of  it  has  already  been  placed, 
and  the  rest  of  it  will  be  distributed  in  a  few  days,  and  if  that  is  not  enough, 
we  will  ask  for  another  20,000  bbl.  to  be  allocated.  The  smaller  com- 
panies, at  first,  were  slow  to  realize  their  opportunity,  and  quite  a  long 
time  went  by  before  they  made  any  effort  to  avail  themselves  of  it. 

At  the  time  the  stabilization  of  price  was  undertaken,  a  voluntary 
agreement  was  entered  into  by  the  producers  and  refiners  that  to  the 
base  price  of  $2.25  should  be  added  certain  maximum  premiums, 
which  would  thereby  establish  the  different  grades  of  oil  in  the  Okla- 
homa field;  the  premiums  ranged  from  10  c.  to  as  high  as  $1.50  a  barrel. 
It  was  also  stipulated  in  this  agreement  that  no  oil  should  be  diverted 
from  the  channels  in  which  it  was  then  running,  without  a  direct  permit. 
This  purely  voluntary  agreement  immediately  stopped  any  further 
advance  in  the  price  of  crude  oil,  and  they  have  held  pretty  successfully 
to  those  prices  ever  since. 

I  undertook  this  work  with  the  Fuel  Administration  in  the  firm  belief 
that  it  would  be  more  or  less  of  a  calamity  if  it  should  become  necessary 
for  the  Government  to  take  over  the  oil  industry,  and  I  have  continuously 
pleaded  with  the  industry  so  to  conduct  itself  as  to  leave  no  opening 
that  would  justify  the  Government  in  taking  control  and  operating  it. 
Because  of  the  acute  lack  of  supplies,  I  felt  that  the  situation  had  to  be 
handled  with  the  greatest  delicacy,  that  nothing  should  be  done  that 
would  retard  or  discourage  the  industry,  or  interfere  with  the  output  of 
petroleum  products.  So  I  said  to  the  oil  operators'  Petroleum  War 
Service  Committee  that  I  hoped  it  would  continue  its  organization  just 
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as  it  was,  except  that  it  should  be  enlarged  and  made  more  representative, 
and  extended  to  every  oil  field  in  the  United  States.  This  has  since 
been  done.  There  are  sub-committees  covering  every  phase  of  the 
problem — oil-well  supplies,  the  refiners,  the  producers,  the  jobbers,  the 
marketers,  and  there  is  a  committee  in  each  of  the  fields  to  deal  with  its 
own  particular  problems. 

All  of  the  shipments  for  the  Allies  are  allocated  by  the  Secretary  of 
that  committee,  and  a  representative  from  my  office.  Prices  were  a^eed 
upon  early  last  spring,  and  have  remained  constant  up  to  the  present  time. 

To  avoid  possible  criticism  as  to  throwing  the  business  into  the  hands 
of  large  marketing  companies,  I  made  an  agreement  with  the  large 
companies  that,  after  the  allocation,  if  anyone  felt  sUghted,  or  that  he 
wanted  more  of  the  business,  he  should  have  it;  but  that  the  large  com- 
panies, the  Standard,  the  Texas,  the  Tidewater,  the  Gulf,  the  Mexican 
Petroleum,  and  others,  would  stand  ready  to  supply  any  deficit  during  the 
allocation  period.  This  plan  has  worked  perfectly  satisfactorily  and 
there  has  been  no  demand  from  anyone  for  a  larger  part  of  the  business 
than  was  allocated  to  him;  in  fact,  many  of  the  companies  have  not  cared 
to  take  their  whole  allocations — the  domestic  prices  in  their  own  par- 
ticular locaUties  appeared  to  be  more  attractive  than  the  Seaboard 
prices  for  export. 

The  requirements  for  overseas  are  growing  very  rapidly,  and  I  am 
sure  that  they  will  continue  to  grow  still  more  rapidly  after  the  first  of 
next  year;  but  I  am  equally  siu-e  that,  whatever  they  may  be,  we  shall 
be  able  to  meet  them.  To  do  that,  of  course,  may  require  a  certain 
amount  of  cutting  and  fitting  at  home,  but  that  will  be  done. 

We  are  having  an  exhibition  of  what  is  one  of  most  remarkable  demon- 
strations of  American  solidarity  that  has  happened  since  the  war— the 
''gasless  Sunday."  This  has  been  successful  to  the  extent  of  making 
it  possible  to  load  10  cargoes,  about  500,000  bbl.,  of  gasoline  for  Europe 
that  otherwise  could  not  have  gone.  The  stock  of  gasoline  available 
for  the  Atlantic  Seaboard  got  dangerously  low.  There  was  an  argument 
all  summer  in  the  Petroleum  War  Service  Committee  as  to  whether  we 
should  get  through  the  year  or  not.  We  kept  going  as  long  as  we  could, 
until  one  day  General  Pershing  wanted  90,000  drums  of  gasoline  in  addi- 
tion to  all  that  had  gone  forward.  Curtailment  appeared  unavoidable, 
and  took  the  form  of  a  request  for  the  "gasless  Sunday;"  this  was  nothing 
but  a  request,  but  it  was  much  more  efifective  than  any  order  would 
have  been.  The  whole  afifair  has  made  a  profound  impression  upon  the 
American  people,  by  showing  how  absolutely  solidly  the  whole  nation 
is  behind  the  war,  and  behind  the  Government. 

We  have  encountered  one  problem  which  would  not  arise  ordinarily— 
that  is  the  problem  of  aviation  gasoline.  The  end  point  of  ordinary 
gasoline  is  placed  at  about  430°  F.  The  British  aviation  gasoline  has  an 
end  point  of  302°;  the  grade  of  gasoline  that  we  manufacture  for  special 
fighting  use  has  an  end  point  of  257°.  This  is  expensive  to  manufac- 
ture, as  compared  to  ordinary  gasoline,  and  the  perdjentage  obtainable 
from  a  given  oil  is  much  less.  The  solution  of  the  problem  was  made 
possible  only  by  some  form  of  conservation. 

The  President  some  time  ago  created  the  Committee  for  the  Standard- 
ization of  Petroleum  Specifications.  We  have  undertaken  to  correlate 
all  of  the  petroleum  products  specifications  of  the  Government  depart- 
ments— such   as  lubricating  oils,   kerosene,   gasoline, .  and  everything 
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else — and  issue  standards  that  will  be  known  as  U.  S.  Government 
Specifications.  That  committee  comprises  representatives  of  the 
Army  and  Navy,  the  Shipping  Board,  the  Railway  Administration, 
and  the  Fuel  Administration.  A  delegation  representing  the  Inter- 
Allied  Petroleum  Commission,  which  was  convened  in  London,  conferred 
with  us  on  the  subject  of  our  specifications,  and  we  authorized  yester- 
day the  publication  specifications  standardizing  the  various  grades  of 
gasoline.  There  will  be  motor  spirit;  the  domestic  grade,  used  for  do- 
mestic flying  purposes;  the  export  grade,  which  corresponds  very  closely 
with  the  British  specifications;  and  a  fighting  grade,  which  is  practically 
a  repetition  of  the  French  specifications.  The  other  products  are  to  be 
standardized  as  rapidly  as  possible. 

Because  of  the  tremendous  increase  in  munitions  manufacture,  the 
demand  for  fuel  oil  has  increased,  a  great  deal  of  this  being  used  in  heat 
treatment;  we  must  supply  a  quantity  considerably  in  excess  of  what 
has  been  supplied  heretofore.  We  shall  meet  the  situation  fairly  com- 
pletely, especially  if  we  get  the  tank  ships  that  are  now  promised  for 
bringing  oil  from  the  Gulf  and  from  Mexico. 

It  is  going  to  be  necessary  for  us  to  continue  a  policy  of  conservation, 
especially  of  gasoline,  and  my  idea  is  to  evolve  some  other  plan  of  volun- 
tary conservation.  The  present  ''gasless  Sunday"  plan  obviously  can- 
not continue  very  long,  because  it  is  so  largely  class  legislation;  a  large 
portion  of  the  population  is  unable  to  use  automobiles  on  any  other  day 
than  Sunday.  Our  gasoline  production  increased  27  per  cent,  during 
the  first  6  months  of  this  year,  as  compared  with  the  first  6  months 
of  last  year,  but  consumption  during  the  same  period  increased  31  per 
cent.  The  domestic  exports  increased  24  per  cent.  During  the  same 
period,  the  fuel-oil  production  increased  21  per  cent,  while  consumption 
increased  22  per  cent.  Hence  the  problem  relates  not  only  to  production 
and  refining,  but  it  is  essentially  a  problem  of  transportation. 

We  produced  about  340,000,000  bbl.  of  oil  last  year,  and  shall  produce 
considerably  more  this  year,  owing  largely  to  the  Ranger  Field.  We 
shall  have  to  draw  on  storage  for  considerably  more  than  we  did  last  year, 
but  the  outstanding  feature  in  the  situation  east  of  the  Rocky  Mountains 
is  that  we  have  a  new  oil  field  which  apparently  is  able  to  supply  any  de- 
ficiency owing  to  a  decline  in  existing  fields.  I  have  not  the  slightest 
doubt  that  the  American  oil  industry  will  be  able  to  meet  every  demand 
that  will  be  made  upon  it  from  Europe.  We  are  producing  today  prac- 
tically 70  per  cent,  of  the  oil  of  the  world,  and  with  what  we  can  get  from 
Mexico  we  shall  meet  any  situation,  so  far  as  the  oil  itself  is  concerned. 
Transportation  is  another  problem  which  must  be  dealt  with  separately, 
and  of  the  two  I  think  it  is  the  more  difficult. 

The  situation  with  regard  to  kerosene  is  more  acute  than  that  of 
gasoline.  You  have  not  felt  it  yet,  and  perhaps  you  will  not  feel  it  at 
all,  because  the  industry  has  been  asked  to  run  .more  kerosene,  and  they 
are  going  to  do  that.  The  price  of  kerosene  has  increased  less,  propor- 
tionately, than  that  of  any  other  commodity,  which  is  one  reason  why 
more  kerosene  has  not  been  made.  In  some  parts  of  the  country,  notably 
in  Pennsylvania,  last  winter,  it  was  more  profitable  to  throw  the  kerosene 
into  the  fuel  oil  than  to  make  a  refined  product.  The  only  saving  factor 
in  the  situation  has  been  that  kerosene  exports  declined  more  than  30 
per  cent.,  owing  to  the  inability  to  secure  ships  to  move  it.  A  large  part 
of  the  decline  occurred  in  shipments  to  the  Orient,  but  the  decline  in 
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exports  to  Europe  was  also  marked,  although  it  did  not  run  into  so  great 
tonnage;  shipments  to  Europe  are  increasing  at  the  present  time. 

J.  E.  Johnson,  Jr. — I  have  been  wondering  whether  there  is  any 
possibility  -that  the  shortage  in  gasoline  supply  could  be  relieved  by 
the  development  of  the  Diesel  engine  for  use  on  trucks,  where  starting 
and  stopping  may  not  be  so  important  as  in  automobiles. 

Mr.  Requa. — I  do  not  think  the  development  of  the  Diesel  engine 
will  be  a  factor  during  the  war  period. 

I  have  been  reminded  of  one  idea  to  which  I  wish  to  refer.  I  was  in- 
terested the  other  day  in  making  a  comparison  between  the  value  of  coal 
and  oil,  and  I  find  roughly  that  the  value  of  the  oil  products,  including 
natural  gas,  for  1918  will  be  about  $1,600,000,000,  while  that  of  coal  will 
be  about  $1,600,000,000,  the  coal  being  valued  at  the  mouth  of  the 
mine,  and  the  oil  at  the  door  of  the  refinery.  Another  significant  feature 
is  that  the  value  of  the  gasoline  was  about  45  per  cent,  of  the  entire  value 
of  the  oil  produced. 

The  Chairman. — A  number  of  us  are  ignorant  of  the  technology 
of  the  oil  business.  Mr.  Carl  H.  Beal,  of  the  Bureau  of  Mines,  is  here, 
and  perhaps  he  will  tell  us  something  about  the  proportions  into  which 
crude  oil  is  divided,  how  they  get  gasoline  from  natural  gas,  and  how  they 
crack  the  heavier  products  to  get  the  lighter  products. 

Carl  H.  Beal. — In  regard  to  the  gasoline  question,  Mr.  Requa  has 
covered  that  very  well,  although  a  few  more  figures  might  impress  upon 
your  mind  the  seriousness  of  the  situation  that  led  to  this  request  for  a 
"gasless  Sunday." 

Counting  our  demands  for  export,  we  had  to  have  about  10,000,000 
bbl.  of  gasoline  for  each  month  during  the  summer.  We  used  about  8,- 
500,000  bbl.  in  this  country,  and  were  exporting  an  average  of  1,500,000 
bbl.  In  the  winter,  especially  in  the  cold  parts  of  the  country,  there  is 
very  little  motoring,  so  that  the  actual  demand  for  gasoline  is  lower  in 
winter  than  in  summer.  In  fact,  we  expect  to  produce  enough  during  the 
fall  and  winter,  and  place  it  in  storage,  to  carry  us  through  the  summer 
months.  August  and  September  are  usually  the  worst  months — ^more 
gasoline  is  used  in  those  months  than  in  any  other  two  months  in  the  year. 

During  August,  our  stocks  of  gasoline  were  decreasing  at  the  rate  of 
about  1,500,000  bbl.  a  month.  Our  production  of  8,500,000  bbl.  was  only 
enough  for  our  domestic  consumption,  and  we  had  to  provide  the  export 
gasoline  from  some  other  source.  When  Mr.  Requa  requested  the 
"gasless  Sundays"  we  had  only  about  2  or  3  weeks'  supply  on  hand. 
For  that  reason,  I  think  the  whole  country  should  be  grateful  to  the  Oil 
Administration  for  the  way  it  has  handled  the  situation.  The  seriousness 
is  over  for  the  present,  and  we  can  now  begin  to  replenish  our  stocks  in 
preparation  for  next  summer.  I  agree  with  Mr.  Requa  that  we  shall 
undoubtedly  have  to  practice  further  conservation  or  restriction  in 
the  use  of  gasoline.  I  do  not  see  how,  with  our  present  supply  of  crude 
oil  and  our  present  refinery  output,  we  can  hope  to  supply  all  that  will 
be  wanted  next  summer. 

As  to  the  sources  of  our  gasoline,  casing-head  oil  is  one;  I  estimate 
this  year  we  shall  produce  about  8,000,000  bbl.  of  gasoline  from  casing- 
head  oil.  This  gasoline  is  produced  by  two  ordinary  methods:  by  com- 
pression and  refrigeration,  and  by  absorption.  Some  of  the  gasoline  pro- 
duced from  casing-head  oil  is  all  right  for  aviation  motors,  but  some  is 
not.     The  refined  gas  is  apparently  satisfactory;  that  which  is  not  reliable 
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for  aviation  purposes  may  be  used  for  blending  the  heavier  products 
from  the  distillation  of  crude,  such  as  kerosene,  or  heavy  engine  gasoline. 

Another  source  of  gasoline  is  in  the  cracking  tubes;  the  Burton  process, 
controlled  by  the  Standard  Oil  Co.,  is  the  principal  producer  of  cracked 
gas,  and  consists  in  heating  the  gasoline  under  pressure.  The  molecules 
of  the  oil  are  rearranged  into  a  specific  crude  oil  from  which  is  distilled 
ordinary  gasoline.  This  year  we  shall  produce  about  6,000,000  bbl.  of 
cracked  gasoline. 

I  estimate  that  the  output  of  the  third  type  of  gasoline,  known  as 
straight-run  gasoline,  will  be  about  74,000,000  bbl.  That  will  give  us  a 
total  production  of  about  88,000,000  bbl.  Last  year  we  produced  be- 
tween 70,000,000  and  75,000,000  bbl.  of  gasoline,  of  which  the  casing- 
head  output  was  5,000,000  barrels. 

Mexico  sent  us  last  year  about  30,000,000  bbl.  of  crude  and  refined 
product.  The  refined  product  consisted  of  fuel  oil  and  distillates^the 
tops,  or  unrefined  gasoline.  Every  barrel  of  tops  presents  the  necessity  of 
our  running  through  storage  5  bbl.  of  our  own  doijiestic  oil;  in  other 
words,  it  takes  about  5  bbl.  of  crude  oil  to  make  1  bbl.  of  gasoline  in  this 
country.  The  distillates  imported  from  Mexico  consist  largely  of  gaso* 
line,  so  that  the  more  of  them  we  can  import  the  easier  it  becomes  for 
our  refineries. 

I  think  we  have  about  reached  the  zenith  of  our  oil  production. 
We  have  been  very  ambitious  in  developing  our  supplies  and  evolving 
methods  for  getting  the  oil  out  of  the  ground,  and  our  methods  have 
reached  a  high  degree  of  perfection.  Our  fields  have  been  more  com- 
pletely worked  than  those  of  any  other  country;  the  fields  in  many  other 
countries  have  not  been  touched. 

I  ought  to  mention  the  possible  utilization  of  our  shale  deposits. 
Enormous  quantities  of  oil  are  locked  up  in  the  shales,  probably  many 
times  greater  than  the  original  amount  of  oil  we  had  in  the  sand,  and  there 
is  no  question  that  we  shall  some  time  utilize  these  shales;  in  fact,  they  are 
the  only  bright  spot  ahead  of  us,  so  far  as  our  oil  supply  is  concerned. 

Shales  are  scattered  all  through  the  Rocky  Mountain  region,  and  many 
of  them  will  average  as  much  as  a  barrel  of  oil  per  ton  of  shales.  The 
principal  drawback  has  been  that  the  price  of  shale  products  has  not 
been  high  enough  to  justify  the  erection  of  plants  for  the  distillation 
of  the  oil  from  the  shale.  I  do  not  know  of  a  single  retort  running  com- 
mercially at  the  present  time.  I  know  of  22  different  processes  that  are 
being  advertised,  and  many  more  companies  have  been  organized, 
but  I  do  not  know  of  any  that  are  making  money.  We  are  convinced 
that  this  is  a  great  resource  of  the  United  States,  but  it  will  be  several 
years  before  these  shales  can  be  retorted  properly. 

The  Government  feels  that  it  is  its  duty  to  investigate  the  shale 
industry  as  soon  as  it  ca^,  because  it  is  necessary  to  try  out  all  the  processes 
that  look  at  all  feasible,  to  determine  which  one  should  be  adopted  for 
a  certain  kind  of  shale.  To  that  erd,  the  Secretary  of  the  Interior,  and 
Mr.  Manning,  of  the  Bureau  of  Mines,  are  both  anxious  to  get  under  way 
some  experimental  work  on  the  extraction  of  oils  from  shales. 

Mark  L.  Requa. — Mr.  Beal  touched  on  the  subject  of  our  future 
resources.  The  Geological  Survey  made  a  very  interesting  computation 
which  would  indicate  that  we  have  exhausted  about  40  per  cent,  of  the 
entire  known  petroleum  resources  of  the  country.  Supposing  that 
additional  oil  areas  will  be  discovered  in  the  United  States,  equal  in  pro- 
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ductivity  to  those  already  known,  and  assuming  an  annual  consumption 
of  400,000,000  bbl.,  we  have  enough  oil  to  last  for  about  30  years  to  come. 
The  Survey  has  also  made  another  calculation,  which  shows  that  the 
known  oil  shales  will  produce  a  quantity  of  oil  much  in  excess  of  the 
petroleum  estimate  I  have  quoted.  Of  course,  there  will  be  oil  develop- 
ments in  other  parts  of  the  world,  notably  in  Mexico. 

Capt.  D.  M.  Liddell. — Mr.  Requa  has  expressed  the  idea  that  con- 
servation according  to  the  present  plan  is  class  discrimination.  Will  he 
please  tell  us  whether  he  thinks  that  the  present  laws  and  regulations 
cover  all  the  ground  necessary  for  proper  conservation  of  gasoline? 
It  seems  to  me  that  if  the  problem  is  mainly  one  of  transportation,  the 
sooner  we  curtail  consumption,  the  better. 

Mr.  Requa. — A  voluntary  effort  to  meet  the  situation,  from  my  point 
of  view,  is  more  desirable  than  anything  that  could  be  accompUshed  by 
the  issuing  of  an  order.  I  do  not  think  it  is  possible  to  secure  any  addi- 
tional legislation  on  this  subject. 

Pew  realize  the  intimate  relationship  existing  between  all  these  oil 
products.  For  instance,  if  you  manufacture  more  fuel  oil,  you  will  get 
more  of  something  els^  at  the  same  time,  more  gas-oil  or  gasoline,  kero- 
sene or  lubricating  oil,  all  of  which  must  be  disposed  of.  Gasoline  is 
only  one,  but  a  very  important  part  of  the  whole,  amounting  to  45  per 
cent,  of  the  total  value  at  the  present  time. 

One  obvious  source  of  additional  quantities  of  light  gas-oil  or  fuel  oil 
is  to  stop  cracking.  That  will  immediately  release  6,000,000  bbl.  of  oil 
a  year  that  are  now  going  for  fuel  oil,  but  at  the  same  time  cause  a  deficit 
of  6,000,000  bbl.  of  gasoline,  which  must  be  gained  by  curtailing  its 
consumption.  There  is  no  ''joy-riding"  with  fuel  oil,  but  there  is  a 
good  deal  of  it  with  gasoline,  and  that  is  where  we  shall  have  to  apply 
our  efforts  at  conservation. 

Some  have  suggested  conservation  by  card  rationing,  as  is  done  in 
Europe.  I  doubt  if  we  shall  do  this,  but  the  plan  has  the  great  advantage 
of  being  perfectly  elastic.  We  could  zone  the  country  into  ten,  a  dozen, 
or  more  zones,  and  each  user  of  gasoline  would  have  his  card  punched 
every  time  he  bought  any.  You  might  find  that  in  New  England  next 
week,  for  example,  there  was  a  threatened  shortage  of  20  per  cent.;  it 
would  only  be  necessary  then  to  publish  a  notice  in  New  England  that 
the  gasoline  card  was  good  for  only  80  per  cent,  of  its  face,  and  the  thing 
is  done.  If  there  was  a  surplus,  the  card  might  be  made  good  for  110 
per  cent. ;  or  the  card  system  might  be  repealed  altogether.  Of  course,  it 
is  entirely  feasible  to  issue  5,000,000  cards  in  the  country  and  control 
them,  but  this  means  a  great  deal  of  supervision,  and  if  conservation  can 
be  brought  about  by  voluntary  effort,  it  should  be  done  in  that  way. 
The  oil  industry  itself  is  very  much  opposed  to  the  card  system  because, 
they  say,  it  immediately  opens  the  door  for  unbelievable  graft.  Every 
truck  should  have  its  full  requirements,  we  must  not  stop  the  necessar}' 
machines,  but  what  should  be  curtailed  is  the  unnecessary  use  of  the 
automobile,  which,  if  stopped  entirely,  would  liberate  20  per  cent,  of 
the  gasoline  now  consumed. 

Aiter  a  vote  of  thanks  to  Messrs.  Requa  and  Beal,  the  meeting 
adjourned. 

W.  S.  Dickson,  Secretary. 
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MONTANA  SECTION 

N.  B.  Braly,  Chairman  B.  H.  Dunbbee,  Vice-chairman 

E.  B.  Young,  Secretary-Treasurer,  526  Hennesy  Building,  Butte,  Mont. 
F.  W.  Bacorn  C.  D.  Demond 

According  to  notice,  the  Montana  Section  held  its  regular  fall  meeting 
in  the  Montana  Hotel,  Anaconda,  on  Saturday  evening,  Oct.  6,  1918. 
The  technical  session  was  preceded  by  a  dinner  at  which  73  members  and 
guests  were  present.     Chairman  N.  B.  Braly  presided  at  both. 

After  the  reading  and  approval  of  the  minutes  of  the  last  regular 
meeting,  Feb.  1,  1918,  the  principal  speakers  of  the  evening  were  intro- 
duced. The  Executive  Committee  had  previously  arranged  for  a  dis- 
cussion or  symposium  on  "The  Labor  Situation,"  the  discussion  to  be 
opened  by  F.  W.  Bacorn.  He  was  followed  by  Scott  Leavitt,  Federal 
Director  for  Montana  of  the  U.  S.  Employment  Service,  who  spoke 
on  "The  Labor  Policies  of  the  Federal  Employment  Service."  E.  A. 
Hewitt  then  spoke  on  the  "The  Employment  System  of  the  North 
Butte  Mining  Co."  Much  discussion  followed  these  papers,  partici- 
pated in  by  C.  W.  Goodale,  J.  L.  Bruce,  Frederick  Laist,  and  D.  C.  Bard. 

The  session  closed  with  a  report  by  F.  A.  Linforth  on  the  Colorado 
Meeting,  which  was  extremely  interesting  to  those  who  had  been  unable 
to  attend  it. 

E.  B.  Young,  Secretary. 


WOMAN'S  AUXILIARY 

CENTRAL    AMERICANIZATION     COMMITTEE 

Chairman f  Mrs.  C.  C.  Burger 

This  committee  reports  progress  in  drawing  up  circulars  on  the 
subject  of  Americanization,  to  be  sent  to  all  the  branches  of  the  W.  A.  A. 
I.  M.  E. 

It  is  greatly  to  be  desired  that  all  our  members  should  interest  them- 
selves personally  in  work  that  can  be  done  among  the  women  and  children 
in  the  mining  districts  in  the  way  of  Americanizing  those  of  foreign 
birth  or  extraction;  so  much  can  be  accomplished  by  individual  interest 
and  sympathy. 

CENTRAL  EMERGENCY  COMMITTEE 

ChairmaUy  Mrs.  H.  N.  Spicer 

This  committee  reports  as  follows,  on  work  done  since  the  last  report, 
handed  in  on  June  5,  1918: 

Owing  to  the  absence  of  a  number  of  the  members  of  the  Emergency 
Committee  during  the  summer,  it  was  not  possible  to  carry  out  any  great 
amount  of  work.  With  the  idea  of  renewing  activities,  a  meeting  was 
called  for  Sept.  14,  but  only  three  members  were  able  to  attend,  so  it 
has  not  yet  been  possible  to  formulate  any  definite  policies. 

We  regret  to  report  that  at  this  meeting  we  received  the  resignation 
of  our  secretary,  Miss  Olga  Ihlseng,  who  is  taking  up  work  in  Washington. 
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Since  June,  the  following  knitted  garments  have  been  handed  in  and 
are  now  packed  and  ready  for  delivery  to  the  27th  Regiment:  135  pair 
of  socks,  1  khaki  helmet,  1  khaki  vest,  I  muffler,  9  sweaters. 

The  Emergency  Committee  has  to  thank  the  Denver  Section  of 
the  W.  A.  A.  I.  M.  E.  for  its  contribution  of  23  pair  of  socks,  2  sweaters, 
and  1  khaki  vest,  which  are  included  in  the  above.  The  Columbia 
Section  is  also  forwarding  socks  for  our  27th  Regiment. 

At  the  present  time,  the  Emergency  Committee  has  the  following 
wool  on  hand  for  distribution:  220  lb.  of  gray  sock  wool,  10  lb.  of  khaki 
sweater  wool.  The  wool  is  weighed  and  issued  to  members  of  the  W.  A.  A. 
I.  M.  E.  on  application.  They  must  return  the  same  weight  of  wool  in 
knitted  garments. . 

CENTRAL    FOREIGN    WAR   RELIEF    COMMITTEE 

Chairman,  Mrs.  H.  H.  Knox 

The  report  of  the  chairman  of  the  committee,  for  work  since  the  last 
report  (May  31),  to  the  Director  of  the  New  York  Section,  is  as  follows: 

Through  the  addresses  and  pleas  of  Mrs.  Pauline  Sands  Lee,  the  sum 
of  S4118  has  been  contributed  for  the  maintenance  of  a  dispensary  in 
France  for  women  and  children  under  the  auspices  of  the  American  Fund 
for  French  Wounded.  Of  this  sum,  $3000  has  been  remitted  for  the 
.support  of  the  dispensary  during  the  ensuingf  year,  while  the  balance 
remains  on  hand  to  be  applied  to  the  following  year.  This  dispensary 
will  bear  the  name  of  the  New  York  Section,  and  it  is  earnestly  hoped 
that  the  members  of  the  Section  will  contribute  hospital  supplies,  which 
include  garments  for  women  and  children,  to  be  forwarded  through  the 
American  Fund  for  French  Wounded. 

It  is  gratifying  to  record  that  the  President  of  the  Auxiliary,  Mrs. 
R.  C.  Gemmel,  of  Salt  Lake  City,  has  expressed  sympathy  with  the  pur- 
pose of  this  committee  and  has  declared  her  intention  of  proposing  its 
adoption  by  the  other  sections,  thereby  working  toward  that  unity  of 
purpose  which  makes  for  effectiveness. 

COLUMBIA  SECTION 

From  the  Chairman  of  the  Columbia  Section,  we  receive,  as  always, 
most  interesting  reports  of  the  work  of  the  various  branches  and  mem- 
bers in  her  section.  We  could  wish  that  all  directors  would  send  in  simihir 
reports,  for  it  is  stimulating  to  read  **One  of  our  members  'ranches*  two 
days  per  week,  cans  and  preserves  two  days,  then  catches  up  with  her 
housekeeping  and  if  possible  knits  a  bit;"  and,  ''our  ladies  are  knitting 

socks  even  during  the  excessive  heat one  of  our  members,  with 

several  friends,  heard  of  some  cherries  going  to  waste  because  there  were 
no  pickers,  visited  this  place,  picked  100  lb.  of  fruit  to  take  to  the  Spokane 
Children's  Home.  They  were  so  thankful  for  them,  as  in  the  stress  of 
giving  to  the  war  sufferers  we  forget  our  own  dependent  children." 
"  A  few  weeks  ago,  our  Auxiliary  took  the  rest  of  our  store  of  fruits,  vege- 
tables and  jams  to  this  same  Children's  Home — 88  quarts  of  fruit  and 
35  glasses  of  jelly  (some  of  the  jellies  were  in  quart  jars).  The  Benevo- 
lent Society  assures  us  it  was  a  splendid  treat  to  the  little  ones.  Mrs. 
Linney  and  I  noted  that  the  shelves  at  the  Home  were  quite  bare  and  the 
contribution  was  of  help  to  them." 

It  is  most  stimulating  and  encouraging  to  read  how  in  Moscow,  Idaho, 
and  Silverton,  B.  C,  where  there  are  oidy  single  members^  these  ladiee 
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are  working  assiduously  in  the  Red  Cross  and  at  War  Gardens,  and  how 
at  Cornucopia,  Oregon,  with  a  population  of  260  and  a  payroll  of  160 
men,  over  $3000  was  raised  for  the  Red  Cross  and  $^90  for  the  Y.  M.  C.  A. 
This  last,  of  course,  was  not  the  work  of  the  Auxiliary,  but  one  wonders 
whether  if  the  ladies  of  one  section,  or  of  two  or  three  sections,  combined, 
they  might  not  be  able  to  raise  funds  for  the  estabUshment  of  more  dis- 
pensaries for  women  and  children  in  France,  to  bear  the  names  of  their 
respective  sections.  The  New  York  Section  has  led  the  way,  will  not 
others  join?  Possibly  this  epidemic  of  Spanish  influenza  in  the  Eastern 
States,  where  it  has  been  impossible  to  get  doctors  and  nurses  for  the 
sick,  may  bring  home  to  us  the  desperate  need  of  France,  where  civilians 
cannot  obtain  the  help  of  a  doctor,  and  children,  the  children  needed  to 
rebuild  that  glorious  country,  are  dying  every  day  for  lack  of  ordinary 
medical  and  surgical  treatment.  May  I  quote  the  instance  of  a  lady, 
the  news  of  whose  death  in  France  reached  me  a  few  days  ago?  The  skill 
of  a  physician  might  have  saved  her  life,  but  for  four  days  it  was  impos- 
sible to  find  in  the  district  one  who  could  attend  civilian  patients.  When 
at  last  one  was  able  to  come,  it  was  too  late. 

A.  F.  Jennings  (Mrs.  Sidney  J.),  Secretary. 


DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  April  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on  the 
battlefield  in  1915. 

BaUamy,  John  H.,  Capt.,  103d  Engineers,  killed  in  action  near  Fismes, 
Aug.  9,  1918. 

Burt,  Andrew,  died  in  active  service,  1916. 

Cobeldick,  William  Morley,  Royal  Engineers,  died  from  gas  poisoning 
on  October  7,  1915. 

Dougall,  Ralp^,  4th  University  Co.,  Princess  Patricia  Regiment, 
killed  in  action  early  in  the  war. 

Evans,  Alfred  Winter,  Lieut.-Col.,  New  Zealand  Rifle  Brigade,  D. 
S.  O.,  D.  C.  M.,  killed  in  action  on  October  12,  1917. 

Gorman,  Thomas  C,  Lieut.,  Canadian  Engineers,  killed  in  France, 
Mar.  18,  1918. 

Hague,  William,  1st  Lieut.,  Engineer  Officers'  Reserve  Corps,  died  in 
active  service,  Jan.  1,  1918. 

Hall,  William  T.,  Capt.,  Royal  Flying  Corps,  killed  in  action.  May 
19,  1917. 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  died  from  accident  at 
Fort  Sill,  Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  Uth  Engineers,  A.  E.  F.,  died  July  26, 
1918,  while  on  active' service  in  France. 

Perry,  Edward  H.,  1st  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
Expeditionary  Forces,  France,  killed  in  action  on  March  30,  1918. 

Pretyman,  Frank  Remington,  2d  Lieut.,  Royal  Engineers,  killed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.,  Royal  Engineers,  B.  E.  F.,  232d  Army  Troops 
Co.,  killed  in  action. 
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Ringlund,  Stven,  Medical  Department^  Fort  Logan,  Colo.,  died  sud- 
denly in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aeroplane 
accident  in  England  on  May  25,  1918. 


IN  MEMORIAM 
CAPTAIN  JOHN  H.  BALLAHT 

John  H.  Ballamy,  Captain  on  the  Regimental  Staff  of  the  103d 
Engineers,  was  killed  near  Fismes,  on  August  9,  1918. 

Captain  Ballamy  was  born  at  Plymouth,  Pa.,  in  1886  and  graduated 
from  the  High  School  of  that 
town  in  1903.  In  the  follow- 
ing year  he  began  work  as  t 
coal  miner,  and  at  the  saine 
time  began  the  study  of  min- 
ing engineering  in  the  evening 
and  any  other  spare  time.  He 
continued  this  diligent  and 
energetic  practice  for  many 
years.  For  sixteen  years  he 
continued  in  the  employment 
of  the  Delaware,  Lackawanna 
&  Western  Raiboad  Com- 
pany's coal  mining  depart- 
ment, first  as  a  practical 
miner,  next  as  rodmaa  on  the 
survey  corps,  of  which  he  soon 
became  chief,  then  draftsman 
and  mining  engineer  in  the 
company's  office.  In  January, 
1916,  he  waa  promoted  to  the 
position  of  district  engmeer 
in  charge  of  mining  engineer- 
„  ,        ,.  „  ing    work.      He    became    a 

September,  19ll 
Captain  Ballamy's  military  experience  began  at  the  same  time  as 
his  engineering  practice.  He  was  a  charter  member  of  Company  A, 
Engineers,  N.  G.  P.,  which  was  organized  ten  years  ago.  He  saw  service 
on  the  Mexican  border  as  First  Lieutenant  of  this  Company,  and  re- 
mained in  that  position  until  November,  1916.  In  July,  1917,  he  was 
again  called  into  service  and  was  sent  to  Camp  Hancock,  Ga.,  with  the 
103d  Regiment  of  Engineers.  Before  joining  this  regiment  he  attended 
a  school  for  officers  at  Fort  Silt,  Okla.,  where  he  received  special  training 
in  field  fortifications.  In  December,  1917,  he  was  commissioned  Topo- 
graphical Captain  on  the  Regimental  Staff,  and  in  April,  1918,  preceded 
his  regiment  by  about  six  weeks  to  France,  where  he  again  attended  an 
officers'  training  school.  He  rejoined  his  regiment  on  July  15,  near 
Chateau  Thierry  and  was  killed  near  Fismes  on  August  9,  1918. 
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LmUTENANT  THOMAS  CLARENCE  OORHAN 

Since  the  publication  of  the  brief  biographical  notice  of  Lieut.  Gorman 
in  the  October  Btdlelin,  we 
have  received  thefoUowing  ad- 
ditional information  from  his 
mother,  in  Los  Angeles,  Cal. 

After  graduating  from 
McGLll  University  in  1913, 
Mr.  Gorman  spent  several 
months  in  a  tour  of  Europe. 
On  returning  to  Canada,  he 
was  engaged  successively  by 
the  Dome  Mining  Co.,  at 
South  Porcupine,  and  at  the 
Creighton  mine,  Ontario, 
where  he  was  employed  at  the 
time  of  enlisting  for  service. 
He  went  to  France  in  March, 
1916,  and  was  connected  with 
the  2d  Canadian  Tunnelling 
Company. 

He  was  killed  by  a  burst- 
ing shell  on  March  18,  1918. 

A  letter  written  by  Major 
Ritchie,   commanding  the  2d 

Tunnelling    Company,   to  Lieutenant  T.  Clarbnci;  Gowjan. 

Lieut.  Gorman  s  mother,  con- 
tains the  following  words. 

Tommy  was  killed  at  our  headquartera  by  a  nine-inch  shell  which  atnick  the 
officers'  quarters.  The  Hun  had  been  ahelling  a  small  village  close  to  the  camo  with 
a  iong-range  gun  and  a  shot  fell  into  our  camp.  Tom  was  killed  instantly  by  the 
poncuBsion.  He  was  buried  this  morning  witti  Militant  Honours  in  the  military 
cemetery  close  to  our  camp.  Tommy  was  an  efficient  officer  and  a  good  soldier  and 
his  loss  is  very  keenly  felt  by  the  officers  and  men  of  this  unit. 


NEWS  FROM  MEMBERS  IN  SERVICE 

Lieut.  Louis  J.  Brunei,  now  in  France,  was  commissioned  on  July 
27,  1917,  as  Second  Lieutenant  in  the  Engineers  Reserve  Corps,  assigned 
to  the  7th  U.  S.  Engineers,  Dec.  10, 1917,  and  has  been  with  the  American 
E.  F.  since  Mar.  26,  1918.  He  was  assigned  to  the  staff  of  the  General 
commanding  the  5th  Field  Artillery  Brigade,  as  Engineer  Officer,  on 
Aug.  6,  1918. 

E.  Ross  Housholder  writes  that  "the  record  for  pontoon  bridge 
building  was  broken  Sept.  25,  1918,  by  Section  A,  Co.  4,  5th  Engineer 
Officers'  Training  School,  at  Camp  Humphreys,  Va.,  of  which  I  am  a 
member.  The  time  was  15  min.  11%  seconds.  We  then  proceeded  to 
break  the  record  for  dismantling  in  9  min.  57^i  seconds.  The  length 
of  the  bridge  section  was  200  ft.  The  post  band  was  sent  out  to  meet 
U3,  and  we  feel  proud  of  this  record.     I  have  met  quite  a  few  A.  I.  M.  E. 
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men  in  camp  here.  F.  H.  Geib,  a  junior  member  of  the  Institute,  is  in 
Co.  2,  E.  0.  T.  S.,  and  has  been  recommended  for  a  commission." 

Charles  J.  Millard,  Capt.,  12th  Engrs.,  A.  E.  F.,  writes  us  an  interesting 
letter  from  the  front  in  which  he  says  "I  hope  this  war  won't  last  long; 
but  cannot  very  well  see  the  end  for  at  least  three  years  more.  July  10th 
of  this  year  makes  one  year  in  active  service,  July  28th  saw  the  completion 
of  one  year's  service  in  France. 

"We  have  been  busy  ever  since  arriving  last  year.  Our  first  work, 
as  you  know,  was  with  the  British.  We  all  wish  we  could  be  with  the 
British  now  to  advance  over  the  country  that  witnessed  our  retreat  in 
March.  At  that  time  Hell  sort  of  broke  loose,  but  before  this  war  is 
over  the  confines  of  that  particular  kingdom  are  going  to  be  very  definitely 
defined.    The  United  States  will  well  be  proud  to  have  saved  the  day. 

''You  have  heard  how  the  'Ladies  of  Hell'  and  the  Australians  and 
Canadians  fight?  You  should  hear  how  many  of  our  boys  can  outshine 
them  (and  that  is  going  some)." 

W.  Clifford  Rehfuss,  Ensign,  U.  S.  N.  R.  F.,  says  "On  Nov.  X,  1917, 
I  left  Philadelphia  as  a  Second  Lieutenant  in  the  Russian  Railway  Serv- 
ice Corps  which  was  sent  to  Russia  at  that  time  to  improve  conditions 
on  the  Trans-Siberian  Railway.  Owing  to  the  great  upheaval  that  was 
passing  through  Russia  at  the  time  we  arrived  in  Vladivostock,  we  were 
ordered  to  Japan  to  await  orders,  and  remained  there  for  three  months. 
About  the  beginning  of  April,  orders  came  to  proceed  home,  and,  after 
some  delay  due  to  the  great  difficulty  in  obtaining  transportation,  we 
arrived  in  Philadelphia  about  the  10th  of  May.  Shortly  afterward  the 
contingent  was  disbanded  and  I  was  transferred  to  the  Naval  Resenre 
Force  with  a  commission  as  Ensign,  being  enrolled  under  the  class  of  tech- 
nicists.  On  receiving  my  orders,  I  proceeded  to  the  Naval  Proving 
Grounds  at  Indian  Head,  where  I  am  still  stationed." 

Capt.  A.  H.  Ryder  is  at  present  with  the  Egyptian  Expeditionary 
Force  in  Arabia.  He  regrets  to  say  that  he  does  not  come  much  in  contact 
with  mining  men,  but  wishes  he  did.  Capt.  Ryder  has  been  in  Arabia 
since  January,  1917,  and  expects  to  get  leave  to  England  very  soon. 

E.  A.  Smith  was  Captain  with  the  Royal  Engineers  during  the  period 
of  1915-16  when  an  attack  of  the  Turkish  forces  on  Egypt  was  expected. 
On  their  retreat,  he  applied  to  return  to  his  work  as  General  Manager  of 
the  Sinai  Mining  Co.  Although  he  is  not,  therefore,  directly  working 
for  the  Government,  the  product  of  the  mines — manganiferous  ore— is 
urgently  needed  for  munition  purposes. 

Capt.  Hugh  M.  Steven  writes  from  France: 

"I  am  located  with  the  7th  Battalion  Canadian  Engineers,  France. 
Most  of  the  mining  engineers  of  Canada  were  with  one  of  the  three  Canadian 
tunnelling  companies,  but  in  July  of  this  year  they  were  broken  up  and 
amalgamated  with  other  engineering  units,  to  form  engineering  battalions, 
one  being  allotted  to  each  of  the  12  active  Canadian  Brigades.  The  days 
of  old  front  line  offensive  and  defensive  mining  are  for  the  present  at  an 
e9d,  and  the  likelihood  of  their  resurrection  is  small  with  the  Allies  con- 
stantly on  the  advance.  We  are  being  used  on  demolition  work,  re- 
connaissance of  captured  enemy  underground  dugout  systems,  construc- 
tion of  roads  and  bridges,  and  general  engineering  work  of  that  nature. 

"I  left  the  HoUinger  Consolidated  in  the  early  Spring  of  1916  and 
arrived  at  the  Ypres  salient  on  July  15,  being  posted  to  the  1st  Canadian 
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Tunnelling  Company,  with  which  unit  I  remained  until  this  recent 
reorganization  of  forces  came  into  effect." 

Major  J.  W.  Teale  joined  the  Forces  in  October,  1914.  In  May, 
1915,  he  was  sent  to  Gallipoli,  having  been  promoted  to  the  rank  of 
Major  before  his  departure.  His  regiment  was  the  Royal  (Naval 
Divisional  {Engineers.  Major  Teale  remained  in  Gallipoli  until  the  evacua- 
tion at  the  beginning  of  1916,  and  for  his  services  there,  and  particu- 
larly those  at  the  time  of  the  evacuation  in  the  destroying  of  stores, 
etc.,  and  the  construction  of  embarkation  piers,  he  was  awarded  the 
D.  S.  O.  'W  hile  in  Gallipoli,  Major  Teale  was  made  Bombing  Officer  to 
the  8th  Army  Corps;  the  bombing  operations  of  this  Corps  are  particu- 
larly mentioned  in  a  despatch  of  General  Monro's. 

Major  Teale  returned  to  England  in  March,  1916;  since  then,  he  has 
been  transferred  to  the  Royal  Engineers  and  made  D.  O.  R.  E.  at  an  Eng- 
lish camp,  where  there  were  also  German  prisoners. 


ADDITIONAL  LIST  OF  MEMBERS  OF  THE  INSTITUTE 

IN  MILITARY  SERVICE 

(The  following  list  contains  the  names  of  those  members  of  the  Institute  of  whose 


connection  with  militaiy  service  we  have  only  recently  become  acquainted;  it  also. 

miete  list  was  ] r    ,,    -  «    ,    . 

the  BvUetin  for  March,  1018.) 


includes  the  names  of  a  few  who  have  recentiv  been  promoted  or  tranaerred,  indicated 
by  a  *.    A  complete  list  was  published  in  the  Year  Book,  issued  as  a  supplement  of 


Allen,  Roy  H.,  Capt.,  Air  Service,  Bureau  of  Aircraft  Production, 
Washington,  D.  C. 

*Amidon,  Claude  E.,  Chemical  Warfare  Section,  Astoria,  L.  I. 
*Archbald,  Hugh,  311th  Infantry,  78th  Division,  American  E.  F. 
AsKiN,  Thomas  B.  H.,  Radio  Station,  Cavite,  P.  I. 
*Ayer,  Frank  A.,  Lieut.,  Commanding  Oflftcer,  270th  Aero  Squadron, 
American  E.  F. 

Barba,  W.  p.,  Lieut.  Colonel,  Ordnance,  U.  S.  A.,  Washington,  D.  C. 
♦Barrett,  Leslie  P.,  1st  Lieut.,  6th  Field  Artillery,  American  E.  F. 
Bl^ckensderfer,  F.  C,  1st  Lieut.,  N.  A.,  Ordnance  Dept.,  Edgewood 
Arsenal,  Edgewood,  Md. 

♦Brooks,  Floyd  R.,  Lieut.,  Canadian  Engineers,  Seaford,  England. 
Brown,  George  M.,  Co.  G,  1st  Replacement  Regiment,  Washington 
Barracks,  D.  C. 

♦Brunel,  Louis  J.,  Lieut.,  5th  Field  Artillery,  Brigade  Headquarters, 
American  E.  F. 

♦Brunton,  D.  W.,  Cons.  Engr.,  Naval  Consulting  Board,  Washington, 

D.  C. 

Bull,  R.  A.,  Capt.,  Ordnance  Reserve  Corps,  Rock  Island  Arsenal,  111. 
Callaway,  F.  W.,  Corp.,  Miners  &  Sappers  School,  U.  S.  M.  C, 
Quantico,  Va. 

Carlisle,  Stanley  B.,  Co.  A,  346  M.  G.  Bn.  A.  P.  O.  776,  American 

E.  F. 

Carson,  Joseph  A.,  Capt.,  A.  S.,  S.  R.  C. 
♦Chapman,  Lewis  C,  29th  Engineers,  A.  P.  O.  714,  American  E.  F., 

France. 

♦Chase,  J.  L.,  Cadet  No.   2011205,   Canadian  Engineers  Training 
Depot,  St.  Johns,  P.  Q.,  Canada. 

Chatin,  August  H.,  472d  Engineers,  U.  S.  A.,  Washington,  D.  C. 
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♦CouLDRBY,  p.  S.,  313134  W.  R.  No.  5  Works  Co.,  Saltpans  near 
Sandwich,  Kent,  England. 

Cragin,  Rodney  S.,  Co.  E,  115th  Engineers,  Camp  Keamy,  Cal. 

Crowdus,  John  William,  1st  Lieut.,  Engineers  Corps,  U.  S.  A. 

Dale,  Ralph,  Lieut.,  Co.  E,  114th  Engineers,  American  E.  F. 

Dennis,  Paul  J.,  115th  Engineers,  Camp  Kearny,  Cal. 

Dove,  D.  R.,  Candidate,  21st  Training  Battery,  F.  A.  C.  O.  T.  6, 
Camp  Zachary  Taylor,  Ky. 

Dunbar,  D.  M.,  Co.  20,  6th  Battery,  163d  Depot  Brigade,  Camp 
Dodge,  la. 

EuLiCH,  A.  v.,  Pvt.,  Co.  H.,  2d  Engineers  Training  Regiment,  Camp 
Humphreys,  Va. 

Fessendbn,  John  H.,  Jr.,  Electrician  2d  Class  (Radio),  U.  S.  N.  R.  F. 

Frith,  Charles  William,  3d  Co.,  Coast  Artillery  Corps,  San  Pedro, 
Cal. 

♦Garrison,  Murray  E.,  Flying  Cadet,  Squadron  No  1,  Camp  Dick, 
Dallas,  Tex. 

Geib,  Francis  H.,  Co.  2,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

Goodwin,  Edward  H.,  Aviation  Corps,  Barracks  No.  1,  Champaign, 
111. 

*Gorelangton,  C,  Capt.,  Co.  4,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

GoTSCH,  Oscar,  Jr.,  Chief  Machinist's  Mate,  U.  S.  Navy  Steam  Engi- 
neering School,  Stevens  Institute,  Hobpken,  N.  J. 

*Green,  Waldron  a.,  2d  Lieut.,  Co.  D,  27th  Engineers,  American 
E.  F. 

Grenfell,  Donald  S.,  IJl  Ambulance  Co.,  106th  Sanitary  Train, 
Camp  Wheeler,  Ga. 

Griggs,  C.  C,  Major,  Ordnance  Dept.,  U.  S.  A. 

Hampton,  William  H.,  Gas  Defense  Div.,  Chemical  Warfare  Servnee, 
U.  S.  A.,  Long  Island  City,  N.  Y. 

*Harms,  p.  L.,  Major,  19th  U.  S.   Infantry,  18th  Division,  Camp 
Travis,  Tex. 

*HousHOLDER,  E.  Ross,  Co.  4,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

HuTCHiNS,  R.  Grosvenor,  Jr.,  Head,  Bureau  of  Home  &  Hospital 
Service,  American  Red  Cross,  France. 

*Irwin,  J.  S.,  2d  Lieut.,  Infantry,  U.  S.  A.,  Camp  Perry,  O. 

Jones,  Wendell  T.,  Co.  D,  316th  Engineers,  American  E.  F.,  France. 

Kroeger,  a.  C,  Co.  1-b,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Laroque,  F.,  Cadet,  Royal  Air  Force. 

Levy,  Milton  M.,  1st  Lieut.,  Co.  8,  C.  A.  C,  Fort  Rosecrans,  Cal. 

Livermore,    Robert,    2d    Co.,    Engr.    Officers'    Training    School, 
Camp  Humphreys,  Va. 

*LoERPABEL,  W.  Harrison,  Co.  5,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

Lunt,  Horace  E.,  Capt.,  Engineer  Officers'  Training  Camp,  Camp 
Humphreys,  Va. 

Lyon,  George  J.,  Capt.,  Engineers,  Construction  Division  of  the 
Quartermaster  Warehouse,  Schenectady,  N.  Y. 

McCloskey,  Downs,  Lieut.,    2d    Regiment,    1st    Brigade,    Camp 
Jackson,  S.  C. 

McCrorken,  Eugene  P.,  U.  S.  Navy. 

Mackey,  R.  W.,  1st  Lieut.,  Engineers,  U.  S.  A. 

MacNichol,  a.  W.,  Ensign,  U.  S.  N.,  U.  S.  S.  Pastores,  care   Post- 
master, N.  Y. 
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MarsH;  a.  G.,  Corp.,  Co.  C,  18th  Railway  Engineers,  American  E.  F., 
France. 

Martin,  Curtis  F.,  Co.  B,  27th  Engineers,  American  E.  F. 
♦Means,  A.  H.,  2d  Lieut.,  F.  A.,  N.  A.,  314th  Field  Artillery,  55th 
Art.  Brigade,  American  E.  F. 
*Megraw,  H.  a..  Bureau  of  Aircraft  Production,  Washington,  D.  C. 
Meissner,  C.  E.,  27th  Engineers,  Sgt.,  Co.  B. 
♦Miller,  W.  B.,  2d  Lieut.,  Co.  B,  Ist  Gas  Regiment,  A.  P.  0.  706, 
American  E.  F.,  France. 
♦MoGA,  John  A.,  Student,  Officers'  Training  School,  Fort  Monroe,  Va. 
♦Murray,  Malcolm  S.,  Co.  C,  98th  Engineers,  Camp  Leach,  D.  C. 
Nighman,  C.  E.,  1st  Lieut.,  Air  Service  (Aircraft  Production). 
Palmer,  W.  F.,  Co.  D,  Ist  Replacement  Regiment,  Washington  Bar- 
racks, D.  C. 

Reed,  A.  Scott,  Lieut.,  Seaforth  Highlanders,  Attached  1st  Garrison 
Battalion,  The  Royal  Scots,  Egyptian  E.  F. 

♦Reed,  William,  Lieut.,  H.  Q.  Special  Co.,  R.  E.,  Second  Army. 
Military  Cross,  June,  1918. 

♦Rehfuss,    W.  Clifford,  Ensign,  U.  S.  N.  R.  F.,   Naval  Proving 
Ground,  Indian  Head,  Md. 
♦RoDEGERDTS,  C.A.,  Eusigu,  U.  S.  Navy  Aviation. 
Roger,  Eugene,  French  Army. 

♦Ryder,  Alfred  H.,  Capt.,  Royal  Engineers,  Egyptian  E.  F. 
♦ScHiNDLBR,  Donald  F.,  Co.  5,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 
Schmidt,   Robert  Droege,  Lieut.,   324  F.  A.  H.,  American  E.  F., 
France. 

Sears,  Stanley  C,  Capt.,  Engineers,  U.  S.  Army,  Camp  Humphreys, 
Va. 

♦Shayes,  F.  p.,  Lieut.,  Aviation  Section,  American  E.  F. 
Steinem,  Chester,  2d  Lieut.,  Heavy  Coast  Artillery,  Fort  Monroe, 
Va. 

Stephenson,  Grant  T.,  Senior  Lieut.,  U.  S.  N.  R.  F. 
♦Stuart,  C.  E.,  Capt.,  Stafif  College,  American  E.  F. 
♦Sullivan,  Clarke,  Capt.,  Co.  A,  209th  Engineers,  Camp  Sheridan, 
Ala. 

Teas,  Pibrson,  2d  Lieut.,  O.  M.  C.  S.,  Camp  Raritan,  Mctuchen, 
N.J. 

Thompson,  Edward  C,  Capt.,  Chemical  Warfare  Section,  Edgewood 
Arsenal,  Edgewood,  Md.  ' 

Thompson,  Lester  S.,  Co.  C,  29th  Engineers,  American  E.  F. 
♦Waite,  Allan  G.,   1st  Lieut.,  Air  Service,  Military  Aeronautics, 
U.  S.  A. 

♦Ward,  A.  T.,  5th  Prov.  Co.,  Casual  Detachment,  Camp  Wadsworth, 
S.  C. 

♦Williams,  Charles  F.,  2d  Lieut.,  Co.   D,   30th  Gas  Regiment, 
American  E.  F. 

♦Williams,  Ralph  O.,  2d  Lieut.,  Co.  1,  319th  Infantry,  A.  P.  O.  756, 
American  E.  F. 

Wilson,  Harry  R.,  32d  Training  Battery,  F.  A.  C.  0.  T.  S.,  Camp 
Taylor,  Ky. 

♦Witt,  Herbert  N.,  U.  S.  N.  R.  F.,  OflBcers'  Material  School,  Mare 
Island,  Cal. 

♦WoLVBRTON,  F.  M.,  Acting  Corporal. 
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ENGINEEMNG  COUNCIL 

REORGANIZING  AMERICAN  ENGINEERS 

There  are  in  America  approximately  500  engineers'  organizations 
of  various  kinds,  and  yet  it  is  estimated  in  many  communities  that  30 
to  50  per  cent,  of  the  resident  engineers  are  not  members  of  any  society 
of  engineers.  There  is  no  enumeration  of  the  engineers  of  the  country, 
but  estimates  range  from  100,000  to  300,000,  the  latter  number  probably 
including  assistants,  such  as  instrumentmen,  draftsmen  and  inspectors, 
together  with  professional  engineers.  These  local,  state,  regional  and 
national  organizations  are  for  the  most  part  independent  and  have  no 
means  for  cooperation. 

Steps  toward  the  improvement  of  these  conditions  are  being  taken 
in  a  number  of  localities  and  have  already  been  taken  in  others.  Many 
engineers  are  giving  the  matter  serious  attention.  American  Society 
of  Civil  Engineers  took  an  important  action  at  the  June  meeting  of  its 
Board  of  Direction,  by  authorizing  the  creation  of  a  Committee  on  De- 
velopment of  Am.  Soc.  C.  E.  This  action  is  now  well  known  to  all 
representatives  on  Engineering  Council.  Other  Founder  Societies  are 
reported  to  be  considering  similar  action. 

Engineering  Foundation,  at  its  meeting  on  Sept.  12,  adopted  the 
following  resolutions: 

Survey  of  Engineering  Organizations 

BE  IT  RESOLVED:  that  the  Engineering  Foundation  is  prepared,  the  four 
Founder  Societies  concurring,  to  devote  its  strength  and  its  income,  so  far  as  this 
may  be  required,  to  a  study  of  existing  engineering  organizations,  and  from  informa- 
tion thus  developed  to  formulate  a  series  of  constructive  recommendations  which 
may  be  serviceable  in  guiding  the  further  development  of  local  and  national  engineer- 
ing organizations  in  their  relations  to  the  profession  of  engineering,  to  the  public  and 
to  each  other,  to  the  end  that  a  foundation  may  be  laid  upon  which  to  establish  a 
broadly  planned  procedure,  which,  while  recognizing  and  preserving  all  that  has 
already  been  accomphshed,  shall  increase  the  power  of  American  engineers  in  upbuild- 
ing their  profession  and  in  the  service  they  render  to  society ;  and 

RESOLVED:  that  in  accepting  the  responsibility  for  such  an  undertaking,  it 
w^ill  be  the  purpose  of  the  Engineering  Foundation  to  organize  the  proposed  research 
along  the  broadest  possible  lines,  to  call  to  its  aid  highly  qualified  experts,  and  to 
avail  itself  of  the  help  of  agencies  which  may  be  willing  to  cooperate;  and 

RESOLVED:  that  in  proposing  this  research  the  Engineering  Foundation  has  no 
desire  or  purpose  to  intrude  upon  the  domain  of  individual  organizations;  that  rt 
does  not  propose  to  control  the  action  of  any  individual  or,  organization ;  nor  to  ask 
the  acceptance  of  its  conclusions;' but  that  its  purpose  shall  be  to  develop  a  possible 
procedure,  or  a  series  of  such  procedures,  of  such  evident  merit  that  they  will  appeal 
to  those  who  are  likely  to  be  most  interested ;  it  will  do  this  in  the  beUef  that  in  so  far 
as  its  work  may  justify  the  confidence  of  engineers  and  of  engineering  organizations, 
it  will  bear  its  own  fruitage. 

What  will  Engineering  Council  do?  Many  engineers  throughout 
the  country  are  looking  to  it  for  leadership.  Others  frankly  say  that 
no  large  help  can  come  from  the  Council  because  of  the  way  it  is  organized 
and  the  restriction  on  its  membership  which  excludes  all  but  national 
societies;  provisions  must  be  made  for  direct  connection  with  the  im* 
portant  local  groups  of  engineers.  The  questions  raised  are:  Can 
Engineering  Council  meet  the  needs  for  cooperation  now  felt  among 
American  Engineers?  Will  Engineering  Council  do  something  now? 
The  solution  of  the  problem  of  more  effective  organization  of  engineers 
will  be  worked  out.  ^ill  Engineering  Council  be  a  leader  in  progress 
toward  the  goal,  cooperating  with  other  agencies? 
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WAR  COMMITTEE  OF  TECHNICAL  SOCIETIES 

The  following  written  report  was  presented  at  a  stated  meeting  of 
Engineering  Council,  on  Sept.  19,  1918. 

Soon  after  our  last  report  to  the  Council  the  necessity  for  a  closer 
contact  with  the  different  branches  of  the  Army  and  Navy  became  so 
apparent  that  the  Chairman  of  the  Committee  has  spent  most  of  his 
time  in  Washington  on  this  work.  As  all  problems  relating  to  war 
inventions  are  issued  from  the  War  Department  in  Washington,  and  as 
solutions  of  problems,  as  well  as  ideas,  suggestions  and  inventions  must 
be  presented  .there  for  consideration  and  acceptance,  it  is  manifest  that 
our  Committee,  in  order  to  receive  ready  consideration,  must  be  on  the 
spot,  which,  of  course,  means  a  Washington  office. 

Recently  the  Inventions  Section  of  the  General  Staff,  in  recognition 
of  the  work  which  the  War  Committee,is  carrying  on,  offered,  if  the  War 
Committee  would  open  an  office  in  Washington,  ,to  appoint  a  Liaison 
Officer  who  would  have  special  charge  of  the  work  and  the  relations 
between  the  Committee  and  the  Army.  After  consultation  with  the 
different  members  of  the  Committee,  this  most  advantageous  offer  was 
accepted,  and  at  the  last  meeting  of  the  War  Committee  the  following 
resolution  was  unanimously  adopted. 

RESOLVED:  that  while  continuing  an  office  of  the  War  Committee  in  New  York, 
an  office  shall  also  be  established  in  Washington,  and  the  Secretary  is  authorized  to 
move  to  Washington  such  furniture  as  can  be  spared  from  the  New  York  office. 
This  action  is  subject  to  the  approval  of  the  Engineering  Council,  who  are  to  be  given 
a  full  explanation  of  the  reasons  for  it. 

The  Naval  Consulting  Board  has  recently  established  offices 
in  Washington  and  has  arranged  to  share  them  with  the  War  Committee, 
without  expense  for  rental,  heat,  light  and  telephone. 

The  General  Staff  has  appointed  one  of  its  officers,  Captain  Lloyd 
M.  Scott,  a  mining  engineer  by  profession,  to  the  War  Committee  as 
Liaison  Officer,  and  the  War  Committee  has  made  Captain  Scott  its 
Secretary. 

The  establishment  of  an  office  in  Washington  will  in  no  way  interfere 
with  the  operation  of  the  New  York  office,  which  will  remain  in  its  present 
quarters  in  charge  of  Edmund  B.  Kirby,  Vice-chairman,  as  it  has  been 
since  last  June.  Committee  meetings  will  be  held  in  New  York  as  before, 
the  Chairman  or  Secretary  coming  up  from  Washington  for  the  purpose. 

Due  to  rigid  economy  on  the  one  hand  and  the  generosity  of  the  Naval 
Consulting  Board  on  the  other,  the  expenses  of  the  War  Committee 
have  been  held  down  to  about  one-half  of  the  appropriation  granted  it  by 
the  Engineering  Council.  The  establishment  of  an  office  in  Washington 
will  add  but  little  to  the  present  expenses,  and  an  appropriation  of  $250 
per  month  will  be  ample  for  our  requirements.  If,  however,  some  means 
could  be  devised  whereby  the  War  Committee  had  at  its  disposal  $2500 
per  moiith,  its  usefulness  could  be  greatly  increased,  as  it  could  then 
put  out  its  own  bulletins,  hold  public  meetings,  and  adopt  many  other 
ways  of  bringing  the  requirements  of  the  Government  before  its  members. 
Unfortunately,  there  does  not  seem  to  be  any  middle  ground,  and  if 
we  cannot  obtain  the  larger  appropriation  we  shall,  have  to  be  content 
with  the  smaller,  and  depend  on  the  assistance  of  the  Army  and  Navy 
for  bulletins,  problems,  and  general  publicity  work. 
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SPOKANE  ENGINEERING  AND  TECHNICAL  ASSOCIATION 

From  L.  K.  Armstrong,  Secretary  of  the  Columbia  Section  of  the 
Institute,  we  have  received  information  as  to  the  activities  and  plan  of 
the  Spokane  Engineering  and  Technical  Association,  which  was  recently 
organized  under  the  joint  auspices  of  the  local  sections  of  the  American 
Institute  of  Electrical  Engineers,  the  American  Society  of  Civil  Engineers, 
and  our  own  Institute. 

The  first  meeting  was  held  on  September  20,  at  which  a  program  for 
the  following  year  was  adopted.  The  meeting  was  then  conducted 
by  the  Civil  Engineers,  the  principal  business  being  the  reading  of  a 
report  by  Mr.  Flinn,  Secretary  of  the  United   Engineering   Society. 

The  second  meeting  was  held  on  October  18,  of  which  the  Columbia 
Section  of  our  Institute  took  charge. 

According  to  the  program  adopted,  meetings  will  be  held  regularly  on 
the  third  Friday  of  each  month,  except  June,  July  and  August.  It  is 
understood  that  these  meetings  shall  not  interfere  with  nor  abridge 
the  independent  activity  of  the  participating  societies.  The  proposed 
work  of  the  Association  is  to  be  conducted  by  a  large  number  of  cona- 
mittees,  whose  attention  will  be  devoted  to  such  subjects  as  the  following: 
Municipal,  Highways,  Resources,  Manufacture  and  Industries,  Legis- 
lative, Educational,  National  and  State,  Patents  and  Inventions,  Ameri- 
canization, Safety  and  Rehabilitation,  Research,  Emergency.  When 
all  of  these  committees  shall  have  been  filled,  and  their  work  begun,  it 
is  expected  that  the  engineers  of  Spokane  and  vicinity  may  take  a  more 
active  part  in  things  affecting  human  welfare  in  that  vicinity. 


DELAYS  IN  PUBLICATION 

• 

In  explanation  of  the  delay,  which  may  have  been  noted  by  members 
of  the  Institute,  which  has  affected  both  the  BulleHn  and  Volume  59 
of  the  Transactions,  we  may  mention  that  our  printers,  in  common  with 
nearly  all  publishing  concerns  in  the  country,  have  recently  been  over- 
whelmed with  work  on  text  books  and  similar  technical  matter  required 
in  connection  with  the  education  of  the  student-army  recently  inaugu- 
rated by  the  Federal  Government.  Although  we  regret  the  delay  in 
the  issuing  of  our  periodical,  we  cannot  help  feeling  that  our  publica- 
tions are  perhaps  second  in  importance  to  the  needs  of  the  army.  It  is 
to  be  hoped  that  the  present  excessive  demand  for  printing  of  this  sort 
will  soon  be  passed,  after  which  we  shall  resume  publication  with  more 
punctuality. 
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PERSONAL 

The  following  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  Sept.  10,  1918  to  Oct.  10, 
1918. 


Thorny  J.  Adams,  Rahway,  N.  J. 
Henry  M.  Ami,  Washington,  D.  C. 
Chester  Atkinson,  Peru,  South  America. 
Bennett  R.  Bates,  Berkeley,  Cal. 
Robert  S.  Botsford,  Petrograd,  Russia. 
Juan  Felix  Brandes,  Santa  Barbara,  Cal. 
G.  A.  CoUins,  Seattle,  Wash. 
C.  V.  Corless,  Coniston,  Ont.,  Canada. 
P.  T.  Eddingfield,  Washington,  D.  C. 
C.  Mason  Farnham,  Barre  Plains,  Mass. 
F.  N.  Flynn,  Trail,  B.  C,  Canada. 
Duncan  D.  Forbes,  Humboldt,  Ariz. 
Alexandre  Gouvy,  Paris,  fVance. 
Henry  G.  Granger,  Cartagena,  Colombia, 

So.  Amer. 
E.  Harms,  El  Paso,  Tex. 
Alfred  G.  Heggem,  Tulsa,  Okla. 
H.  B.  Henegar,  Mascot,  Tenn. 
A.  M.  Kivari,  Denver^  Colo. 
T.  M.  Kniffin,  Brookline,  Mass. 
Charles  Lehman,  London,  England. 
Donald  H.  McLaughlin,  Camp  Meade, 

Md. 


A.  N.  Mackay,  London,  England. 
A.  W.  MacNidhol,  San  Francisco,  Cal. 
Ernest  Marquardt,  Casper,  Wyo. 
Lieut.  S.  A.  Mewhirter,  Denver,  Colo. 
William  A.  Nelson,  Nashville,  Tenn. 
Robert  W.  Olinger,  Bahia,  Brazil,  So. 

Amer. 
G.  Preumont,  La  Paz.  Bolivia,  So.  Amer. 
William  H.  Rettie,  Yonkers,  N.  Y. 
Julius  Segall,  Minneapolis,  Minn. 
Robert  Y.  Seip,  Franklin,  N.  J. 
H.  M.  Schleicher,  Boston,  Mass. 
Chester  Steinem,  Ft.  Monroe,  Va. 
A.  L.  Sweetser,  Pittsburgh,  Pa. 
H.  £.  Treichler,  Creighton  Mine,  Ont., 

Canada. 
Frank  A.  W.  Tullock,  Yumbo,  Colombia, 

So.  Amer. 
Edward  L  Williams,  Ft.  Monroe,  Va. 
Alfred  W.  G.  Wilson,  Ottawa,  Canada. 


C.  E.  Addams,  who  recently  resigned  as  general  manager  for  the 
Arizona  Hercules  Copper  Co.,  has  leased  the  Ray  silver-lead  property 
three  miles  from  Ray,  Ariz. 

Bennett  R.  Bates  has  resigned  his  position  as  general  superintendent 
of  the  Cubo  Mining  &  Milling  Co.,  in  order  that  he  may  take  the  ex- 
amination for  an  officer  of  engineers. 

S.  H.  Brockunier,  formerly  on  the  staff  of  the  Engineering  &  Mining 
Journal,  has  accepted  the  position  of  superintendent  at  the  Chateaugay 
Ore  &  Iron  Co.,  of  Lyon  Mountain,  N.  Y. 

F.  W.  Bunyan  has  resigned  his  position  with  the  Southern  Pacific 
Railway  Co.,  and  accepted  the  position  of  assistant  chemist  with  the 
Noble  Electric  Steel  Co.,  of  Heroult,  Shasta  Co.,  Cal.,  engaged  in  the 
manufacture  and  supply  of  ferrous  alloys  for  the  Pacific  Coast. 

Captain  Maurice  Cockerell  has  succeeded  Sir  Lionel  Phillips  as 
Director  of  the  Department  for  the  Development  of  Mineral  Resources 
in  the  Ministry  of  Munitions,  England. 

William  M.  Corse,  general  manager  of  the  Titanium  Bronze  Co., 
Niagara  Falls,  N.  Y.,  has  resigned  to  become  associated  with  the  Ohio 
Brass  Co.,  at  Mansfield,  Ohio.  Mr.  Corse  is  a  brass  foundryman  and 
metallurgist  of  wide  experience.  He  was  elected  secretary-treasurer 
of  the  American  Institute  of  Metals  in  1908  and  president  in  1917.  This 
organization  now  constitutes  the  Institute  of  Metals  Division  of  the 
American  Institute  of  Mining  Engineers. 

Prof.  C.  L.  Dake,  of  the  department  of  geology  of  the  Missouri  School 
of  Mines,  has  just  returned  to  his  duties,  after  a  year's  leave  of  absence 
spent  in  consulting  work  with  the  firm  of  Valerius,  McNutt,  and  Hughes, 
Petroleum  Geologists,  of  Tulsa,  Okla. 
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J.  H.  Dietz  has  accepted  a  position  wi$h  the  American  Zinc  Products 
Co.,  of  Greencastle,  Ind. 

Frank  T.  Eddingfield  is  now  occupying  the  position  of  mining  engineer 
with  the  Bureau  of  Mines,  Washington,  D.  C. 

Claude  Ferguson  announces  that  he  has  resigned  his  position  as 
superintendent  for  the  Copper  Queen  Gold  Mining  Co.  to  accept  a  simi- 
lar position  with  the  Consolidated  Arizona  Smelting  Co.,  in  charge  of 
the  DeSoto  and  Swastika  mines.     His  new  address  is  OcotiUo,  Arix. 

C.  A.  Filteau,  of  the  National  Mines,  Ltd.,  Cobalt,  Ont.,  has  been  ap- 
pointed manager  of  the  flotation  plant  of  the  Peterson  Lake  Silver ' 
Cobalt  Mining  Co.,  at  Cobalt. 

John  A.  Fulton,  of  Melones,  Cal.,  announces  the  birth  of  a  son  on 
Sept.  15,  1918. 

Robert  George  Hall,  formerly  general  manager  of  the  River  Smelting 
&  Refining  Co.,  of  St.  Louis,  Mo.,  is  now  resident  manager  of  the  Burma 
Mines  Limited,  Namtu,  Upper  Shan  States,  Burma. 

William  H.  Hampton  has  been  placed  in  charge  of  investigation 
and  development  of  miscellaneous  gas  defense  apparatus.  Gas  Defense 
Division  under  Major  Waldemar  Kops,  Chemical  Warfare  Service,  XJ.  S. 
A.,  at  Long  Island  City,  N.  Y. 

D.  Harrington,  formerly  at  the  Montana  State  School  of  Mines,  is 
now  mining  engineer  with  the  U.  S.  Bureau  of  Mines,  at  Golden,  Colo. 

O.  F.  Heizer  is  Superintendent  of  the  Sheepranch  mines,  Sheepranch, 
Cal. 

J.  C.  Houston,  formerly  assistant  manager  of  the  Dome  Mines,  Ltd., 
at  Porcupine,  Ont.,  has  been  appointed  manager  of  the  Kirkland-Por- 
phyry  gold  mine. 

A.  G.  Kirby  is  now  general  manager  of  the  Darwin  Lead  &  Silver 
Mines  &  Dev.  Corpn.,  at  Salt  Lake  City,  Utah. 

Oscar  Lachmund  has  resigned  as  general  manager  of  the  Canada 
Copper  Corporation  and  will  be  succeeded  by  Hugh  R.  Van  Wagenen,  of 
Denver,  Colo.  Mr.  Van  Wagenen  has  been  in  British  Columbia  looking 
over  the  situation  and  is  to  return  to  take  up  his  new  duties  in  a  few 
weeks. 

Richard  6.  Place  has  resigned  his  position  as  chief  chemist  of  the 
Vermont  Copper  Co.,  at  South  Strafford,  Vt.,  to  accept  a  position  with 
the  Golden  Age  Mining  &  Reduction  Co.,  at  Boulder,  Colo. 

W.  J.  Priestley  has  tendered  his  resignation  as  division  superintend- 
ent of  forges,  foundries  and  machine  shops  of  the  Bethlehem  Steel  Co., 
to  take  effect  at  once. 

M.  F.  Sayre  has  been  appointed  Assistant  Professor  of  Applied  Me- 
chanics in  Union  College,  Schenectady,  N.  Y. 

A.  G.  Suydam  has  opened  an  office  in  San  Francisco  for  consulting 
work. 

H.  E.  Treichler,  formerly  with  the  Canadian  Copper  Co.,  has  accepted 
a  position  with  the  Gulf  Sulphur  Co.,  at  Matagorda,  Tex. 

Carlos  W.  VanLaw  announces  his  resignation  as  a  Vice-president 
from  the  staff  of  the  United  States  Smelting,  Refining  &  Mining  Co. 
He  will  engage  in  a  general  consulting  practice. 
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I.  ^Edmund  Waechter  resigned  his  position  of  chief  chemist  and 
metallurgistlwith  the  Standard  Tool  Co.,  Cleveland,  on  Apr.  30,  1918. 
From  that  date  until  October  1,  he  was  melter  on  a  Heroult  electric  fur- 
nace and  chemist  for  the  Crucible  Steel  Casting  Co.,  Cleveland,  Ohio. 
He  has  now  accepted  a  position  on  the  chemical  staff  of  the  Carnegie 
Steel  Co.,  Youngstown  District,  as  chemist  and  metallurgist. 

H.  Vincent  Wallace^  consulting  mining  engineer,  has  opened  an 
office  at  329  Central  Bldg.,  Los  Angeles,  Cal. 

A.  P.  Watt  has  recently  received  his  appointment  from  Washington 
as  consulting  mining  engineer  to  the  Bureau  of  Mines.  His  special  work 
at  present  will  be  in  reference  to  the  concentration  of  pyrite,  for  the  pro- 
duction of  sulphuric  acid. 

Bulkeley  WellSi  Governor  of  the  Colorado  chapter  of  the  American 
Mining  Congress,  has  been  elected  a  member  of  the  national  board  of 
directors  of  the  congress. 

Gordon  Wilson  is  leaving  Arizona  for  Fresnillo,  Zac,  Mexico,  to  take 
the  position  of  mill  and  cyanide  superintendent  of  the  Fresnillo  Co. 

Ernest  Leon  Swift  Wrampelmeier  has  changed  his  name  to  Ernest 
Lee  Swift,  by  an  order  of  the  court  granting  such  change  to  him  and  rela- 
tives.   He  is  a  Life  Member  of  the  Institute. 

Ira  L.  Wright  has  opened  a  mine  engineering  office  in  Silver  City,  N.  M. 


POSITIONS  VACANT 

No.  347. — ^A  South  African  development  company  will  shortly  re- 
quire the  services  of  a  mill  superintendent,  who  has  a  general  knowledge 
of  concentration,  particularly  of  flotation,  and  is  able  to  take  charge  of  a 
copper  concentrator  treating  15,000  tons  per  month  and  employing  200 
natives  and  a  small  number  of  white  men. 

Salary  is  £60  per  month  to  start,  and  the  company  supplies  an  un- 
furnished room  or  house,  including  f i^ee  light,  free  water  and  free  sanitary 
service,  together  with  one  native  house  servant.  A  contract  will  be  made 
for  6  months,  and  notice  of  3  months  by  either  party  will  be  required 
to  terminate  the  engagement  after  6  months.  An  allowance  of  £75 
for  traveling  expenses  will  be  paid  on  arrival  in  South  Africa  to  a  single 
man,  or  £125  to  a  man  who  brings  his  family.  Salary  begins  upon  arrival 
in  South  Africa,  and  no  allowance  will  be  made  for  return  traveling  ex- 
penses. 

No.  349. — A  Canadian  university  wishes  to  engage  a  man  to  teach 
non-ferrous  metallurgy  and  ore-dressing  as  well  as  to  direct  research 
work.  The  instruction  work  covers  7  months  but  the  research  work 
is  continued  throughout  the  year.  To  a  suitable  man  the  rank  of  pro- 
fessor will  be  granted.  Applicants  are  requested  to  state  education, 
experience,  salary  desired  and  any  other  particulars  that  might  assist 
in  selecting  a  man  for  this  position. 

No.  350. — Wanted,  60  engineers  for  ordnance  training  school,  month's 
training.  Salary  for  first  three  months  $1200  to  $1500.  After  3  months, 
up  to  $2400. 
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No.  351. — A  prominent  Bolivian  tin  miner  requires  the  services  of  two 
engineers  in  Bolivia — ^the  one  to  act  as  assistant  to  his  present  general 
manager,  who  will  turn  over  to  him  the  actual  duties  of  the  naine;  the 
other  to  act  in  the  special  capacity  for  conducting  the  exploitation  work 
at  another  one  of  his  properties.  Both  properties  are  already  well 
known  and  have  the  usual  accommodations  of  such  localities  and  are 
within  easy  range  of  Oruro.  It  will  be  necessary  for  the  applicant  to 
have  some  knowledge  of  Spanish  and  be  suflSciently  able  to  demonstrate 
physical  ability  to  withstand  the  altitude  which  ranges  from  12,000  to 
15,000  ft. 

No.  362. — Mining  assistant  wanted  by  concern  in  Peru,  on  important 
silver-lead  mines  at  altitude  of  16,000  ft.  Must  be  competent  assayer 
and  with  good  experience  in  timbering  of  heavy  ground.  Apply,  stating 
experience,  age,  nationality,  salary  expected,  with  copies  of  credentials. 

No.  353. — Engineer  desired,  preferably  young  man  who  is  exempt 
from  draft.  Recent  graduate  would  be  satisfactory,  although  experience 
of  a  year  or  two  would  be  preferred  provided  salary  requested  was  not 
too  high. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

No.  488. — Mining  engineer,  member,  technical  graduate,  married, 
age  38,  desires  position  of  superi  itendent  or  assistant  superintendent. 
Has  had  15  years'  practical  experience  as  miner,  miUman,  machinist,  sur- 
veyor, engineer,  foreman,  and  superintendent  in  the  West,  Southwest, 
and  Mexico.  Speaks  Spanish.  Now  employed  as  superintendent  of 
copper  property  in  Southwest.  Can  give  the  best  of  references.  Mini- 
mum salary  $250.     Available  now. 

No.  491. — Mining  engineer,  member,  married,  age  43,  desires  to 
connect  with  some  good  coal  company  as  superintendent  or  manager. 
Is  thoroughly  conversant  with  flat  and  pitching  systems  of  coal  mining. 
Has  had  23  years  experience  from  the  bottom  up;  7  years  experience  as 
superintendent  and  manager.  Good  organizer.  Has  handled  all  classes 
of  labor  and  has  always  made  good.    Available  now. 

No.  492. — Metallurgist  and  chemical  engineer,  member,  with  8 
years  executive  experience  in  research  and  technical  direction  of  all 
departments  of  non-ferrous  metallurgical  manufacturing,  is  open  for 
change  in  position.  Specialist  in  raw  materials  and  supplies,  reclamation 
of  wastes,  and  standardized  control  of  processes. 

No.  493. — Member,  age  37,  technical  education,  married.  Seventeen 
years'  experience  as  superintendent,  engineer,  chemist  and  assayer, 
exploration  engineer  in  United  States,  Central  and  South  America, 
Siberia  and  India.  Especially  in  iron,  manganese,  copper,  and  rare 
metals.     Desires  to  make  a  change. 

No.  494. — Electrometallurgical  engineer,  member,  age  30,  A.  M. 
and  Ch.  E.  degrees,  thoroughly  trained  in  electrochemistry,  metallurgy 
and  electrometallurgy.  Three  years  in  charge  of  experimental  work  on 
and  operations  of  electric  furnaces.  Desires  responsible  position  in 
investigative  or  executive  work  with  commensurate  salary. 
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No.  495. — Member,  age  36,  married,  technical,  10  years  all  round 
experience  operation  and  examination  gold,  silver,  copper,  manganese, 
in  United  States,  Mexico,  South  America.  At  present  in  States.  Desires 
change  of  position. 

No.  496. — Member,  married,  age  36;  technical  training;  8  years 
practical  experience;  3  years  as  head  executive  of  large  coal  operation. 
Open  for  engagement. 

No.  497. — Member,  age  34,  married,  technical  graduate,  10  years 
experience  as  engineer  and  superintendent  of  copper  and  lead  mines  and 
mills.  Experienced  in  the  hydrometallurgy  of  copper  ores,  and  in 
construction  work;  good  mechanical  sense. 

No.  499. — American  mining  geologist  and  engineer  41  years  old 
will  be  open  for  engagement  about  Dec.  1.  Experienced  in  Eastern 
American  geology,  including  West  Indies;  especially  iron  ores  and  ferro- 
alloy minerals,  pyrite  and  chemical  minerals.  Has  been  a  producer 
of  tugh-grade  concentrates. 

No.  500. — Mining  and  metallurgical  engineer,  graduate  of  Mining 
Academy  of  Petrograd,  Russia,  age  38.  Speaks  English,  French, 
Russian,  reads  Swedish  and  Spanish,  desires  position.     References. ^ 

No.  501. — Member,  age  30,  married,  desires  to  change  position. 
Experience  covers  laboratory,  engineering  department  and  plant  opera- 
tion in  zinc  smelter  and  lead  refinery. 
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LIBRARY 

American  Society  op  Civil  Engineers 
American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

Harrison  W.  Graver,  Director 

The  library  of  the  above*named  Societies  is  open  from  9  a.  ii.  to 
10  p.  M.  except  on  holidays.  It  contains  about  70;000  volumes  and  90,- 
000  pamphlets,  including  sets  of  technical  periodicals  and  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Library  Accessions 

Aciers  fers,  fontes.     Tome  I.     By  Alexis  Jacquet.     Paris,  1918. 

Bangor  Mineral  District.  (Tasmania  Geological  Survey.  Bulletin  No.  27.)  Tas- 
mania, 1918. 

Calcul  des  syst^mes  ^lastiques  de  la  construction.     By  Ernest  Flamard.     Paris,  1918. 

L'Electrochimie  et  L'Electrora^tallurgie.     By  Albert  Levasseur.     Paris,  1917. 

From  the  Falls  to  the  Factory;  a  treatise  on  electric  power  transmission.  London, 
British  Aluminum  Company.     (Gift  of  A.  S.  M.  E.) 

Formations  G^ologiques  Aurif^res  de  I'Afrique  du  Sud.  By  Ren6de  Bonand.  Paris, 
1917. 

Gravity  and  temperature  tables  for  mineral  oils  from  determinations  of  the  Bureau 
of  Standards,  and  other  tables  for  general  testing  and  refinery  practice.  Com- 
piled and  Edited  by  E.  N.  Hurlburt.  Rochester,  1918.  (Gift  of  Taylor  In- 
strument Co.) 

Society  of  Automotive  Engineers.  Data  sheets  of  Steel  Specifications.  (From  the 
Seventh  Report  of  the  Iron  and  Steel  Division  adopted  by  the  Society,  Aug., 
1915.)     (Gift  of  Society  of  Automotive  Engineers.) 

Tin  Field  of  North  Dundas.  (Tasmania  Geological  Survey.  Bulletin  No.  26.) 
Tasmania,  1918. 

Book  Notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers. 
The  Institute  does  not  assume  responsibility  for  any  statements  made;  these  are  taken 
from  the  preface  or  the  text  of  the  book,  unless  otherwise  noted. 

Concrete  Stone  Manufacture.     By  Harvey  Whipple.     Detroit,  Concrete-cement 
Age  Publishing  Co.,  1918.     318  pp.,  82  illus.,  104  pi.,  7  X  5  in.,  cloth,  $1.50. 
A  textbook  for  manufacturers  of  factory-made  concrete  units,   based  on  the 
practice  of  various  successful  enterprises.     Discusses  plant  layout,  operation,  methods, 
materials,  finishing,  building  regulations,  tests,  etc. 
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Guide  to  the  Use  of  'United  States  Government  Publications.  By  Edith  E. 
Clarke.  Boston,  The  Boston  Book  Co.,  1918.  308  pp.,  9X6  in.,  doth,  $2.50 
A  guide  to  the  history,  use,  cataloginjp;  and  classification  of  United  States  Govern- 
ment  publications.  Written  primarily  u>r  librarians  and  library  workers,  it  is  broad 
enougn  in  scope  to  serve  as  a  laboratory  manual  for  all  who  use  the  government 
pubUcations  inside  libraries  and  out.  Contains  four  bibliographies  dealing  with 
different  phases  of  the  subject. 

Handbook  of  Mechanical  and  Electrical  Cost  Data.  Giving  Shipping  Weights. 
Capacities,  Outputs,  and  Net  Prices  of  Machines  and  Apparatus,  ana  Detailed 
Costs  of  Installation,  Maintenance,  Depreciation  and  Operation,  together  with 
Many  Principles  and  Data  relating  to  Engineering  Economics.  By  Halbert 
P.  Gillette  and  Richard  T.  Dana.  1st  edition.  N.  Y.,  McGraw-Hill  Book  Co., 
Inc. :  Lond.,  ffill  PubUshing  Co.,  Ltd.,  1918.  17+1734  pp.,  illus.,  tab.,  7X5  in., 
flexible  cloth,  96. 

This  handbook  is  similar  in  method  to  the  authors'  two  previous  handbooks 
covering  costs  in  the  field  of  civil  engineering  and  can  be  used  to  supplement  them. 
It  is  almost  entirely  devoted  to  purely  electrical  and  mechanical  subjects.     Chapters 
on  general  economic  principles,  deprecic^tion,  repairs  and  renewals  are  included. 
A  Manual  of  Engineering  Drawing  for  Students  and  Draftsmen.     By  Thomas 
E.  French.     N.  Y.,  McGraw-Hill  Book  Co..  Inc.;  Lond.,  Hill  Publishing  Co., 
Ltd.,  1918.     12  4-  329  pp.,  656  illus.,  9X6  m.,  cloth,  $2.50. 
A  method  of  instruction,  based  upon  the  conception  of  drawing  as  a  language,, 
with  varied  forms  of  expression,  a  grammar  and  style.     New  chapters  on  lettering, 
screw  threads,  bolts  ana  f asteninss,  and  structural  drawing  have  been  added ;  the 
chapters  on  working  drawings  and  architectural  drawing  have  been  enlarged,  and  the 
text  generally  revised. 

The  Metallurgists'  and  Chemists'  Handbook.     A  Reference  Book  of  Tables  and 
Data  for  the  Student  and  Metallurgist.     Compiled  by  Donald  M.    Liddell. 
2d  ed.,  revised  and  enlarged.     N.    Y.,   McGraw-Hill  Book  Co.,  Inc.,  Lond. 
Hill  Pub.  Co.,  Ltd.,  1918.     65  pp..  illus.,  tab.,  7  X  4  in.,  flexible  cloth,  $4. 
A  collection  of  tables  and  condensed  data  selected  to  include  those  most  necessary  ' 
to  the  chemist  and  metallurgist.     Additions  to  this  edition  bear  chiefly  on  war 
activities,  such  as  alloys  and  toxic  gases.     A  short  chapter  on  organic  chemistry  is 
also  included. 

Reinforced  Concrete  Construction^.     Part  I.    With  Examples  Worked  Out  in 

Detail  for  all  Types  of  Beams,  Floors  and  Columns.      By  M.  T.  Cantell.    2d 

edition.    Lond.,  B.  &  F.  N.  Spon.  Ltd.,  N.  Y.,  Spon  &  Chamberlain,  1918. 

160  pp.,  75  illus.,  1  pi.,  7X5  in.,  cloth.     (Gift  of  the  author.) 

The  chief  object  in  this  work  is  to  endeavor  to  meet  the  requirements  of  students, 

as  well  as  others  who  have  practical  experience  but  only  an  elementary  knowledge 

of  mathematics  and  mechanics,  for  a  simple  practical  treatment  of  the  subject.     Part 

I  contiuns  the  principles,  general  information  and  examples  of  designing  required  by 

the  majority  of  students  and  practical  men.     This  edition  is  revised  to  comply  as 

far  as  possible  with  American  and  Canadian,  as  well  as  British,  conditions  and 

practice. 

FORTHCOMING  MEETINGS  OF  SOCIETIES 


Organisation 


Place 


National  Society  of  Naval  Architects New  York,  N.  Y. 

American  Society  of  Mechanical  ^gineers !  New  York,  N.  Y. 

Geolo^cal  Society  of  America Boston,  Mass. 

Amencan  Association  for  the  Advancement  of  Science  Boston,  Mass. 


American  Society  of  Civil  Engineers 

American  Wood  Preservers  Association 

American  Society  of  Heating  and  Ventilating  Engi- 
neers  

American  Lisdtute  of  Mining  En^neers 

New  England  Association  of  Gas  Engineers 

American  Railway  Engineering  Association, 


New  York,  N.  Y. 
St.  Louis,  Mo. 

New  York,  N.  Y. 
New  York,  N.  Y.  , 
Boston,  Mass. 
Chicago,  ni. 


Date 


1918 

Nov.  14-15 
Dec.  a-6 
Dec.  28-31 
Dec.   27- 
Jan.  2. 

1910 

Jan.  15-16 
Jan.  28-30 

Jan.  28^30 
Feb.  17-20 
Feb.  19 
Mch.  18-20 
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BIOGRAPHICAL  NOTICES 
EDGAR  ARCHIBALD  COLLINS 

Edgar  Archibald  Collins  was  born  at  Truro,  Cornwall,  Nov.  16,  1877" 
He  was  the  fifth  (and  youngest)  son  of  J.  H.  Collins,  a  well  known 
Cornish  geologist  and  engineer,  who  died  in  1916. 

Edgar  Collins  spent  part  of  his  childhood  at  Rio  Tinto,  in  Spain, 
and  aiter  returning  to  England  was  educated  at  AUeyne's  School  at 
Dulwich,  near  London. 

His  technical  training  was  acquired  by  practical  experience  in  Corn- 
wall, supplemented  by  private  study  and  by  his  father's  teaching.  This 
method  of  training  for  the  work  of  a  mining  engineer  was  preferred  by 
his  father  to  that  of  the  technical  schools  then  available,  and  judging 
by  its  result,  was  not  unsuccessful.  It  is,  however,  noteworthy  that  afi 
members  of  the  Collins  family  who  were  products  of  this  system  later 
sent,  or  planned  to  send,  their  own  sons  to  technical  schools. 

Edgar  Collins  came  to  Gilpin  County,  Colorado,  in  1894,  and  returned 
there  in  1898,  after  several  intermediate  years  spent  in  Cornwall.  In 
Colorado  he  worked,  under  his  brother  Arthur,  in  the  California  and  other 
mines  of  the  Gilpin  County  district,  and  thereby  gained  a  practical  skill 
and  experience  as  a  working  miner,  and  a  habit  of  minute  observation 
of  vein  phenomena,  which  proved  of  the  greatest  value  in  later  years. 

In  1899  he  went  to  the  Smuggler-Union  at  Telluride,  as  general 
assistant  to  his  brother  Arthur,  and  stood  the  brunt  of  3  years  of  struggle 
with  the  Western  Federation,  gaining  a  reputation  for  quiet  courage  and 
sound  work  under  the  most  difficult  conditions. 

After  Arthur  Collins'  assassination  in  the  Smuggler-Union  office, 
in  November,  1902,  Edgar  left  Telluride,  and  shortly  thereafter  entered 
the  employment  of  a  syndicate  headed  by  Arthur  Winslow,  of  Boston, 
to  search  for  and  develop  new  mines.  While  so  engaged  he  spent  several 
unsuccessful  months  near  Parral,  in  Mexico,  and  later  visited  and  sampled 
the  newly  discovered  district  of  Grandpa,  afterward  known  as  Goldfield, 
in  Nevada.  This  led  to  the  acquisition  by  the  Winslow  syndicate  of 
the  Combination  mine,  at  first  under  lease  and  option;  and  Edgar  Collins 
was  placed  in  charge. 

The  Combination  was  really  the  starting  point  of  Goldfield.  It 
was  a  profitable  mine  before  the  discoveries  at  the  Jumbo  were  made; 
and  while  the  Combination,  being  a  "Company-account"  mine,  con- 
trolled by  a  few  responsible  men,  never  attracted  the  publicity  that 
centered  around  the  sensationally  profitable  leases  on  the  Jumbo  and 
Mohawk,  which  publicity  was  used  to  further  the  feverish  stock-dealings 
that  characterized  the  new  district.  The  Combination  was  really  the 
pioneer  mine,  made  the  first  shipments  of  rich  ore,  constructed  the  first 
water-line,  and  built  the  first  mill  (designed  by  F.  L.  Bosqui,  an  old 
friend  and  associate);  and  while  it  pursued  a  quiet  and  unobtrusive 
career  up  to  the  time  of  its  sale  to  and  incorporation  with  the  Goldfield 
Consolidated,  was  probably,  in  proportion  to  the  amount  of  money 
risked,  the  most  profitable  bonanza  in  the  recent  history  of  gold  mining. 

After  the  sale  of  the  Combination,  Edgar  Collins  left  Goldfield  for 
Tonopah,  where  he  took  charge  of  the  Montana-Tonopah  for  C.  E.  Knox. 
This  also  was  a  profitable  venture,  although  less  sensationally  so  than  the 
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Combination;  and  the  new  Montana  mill,  also  designed  by  Bosqui, 
was  another  milestone  in  the  metallurgical  progress  of  Nevada. 

In  1911  he  went  to  the  Transvaal,  and  served  for  a  year  as  under- 
ground manager  of  the  City  Deep,  one  of  the  principal  mines  of  the 
Central  Rand.  But  the  local  conditions  were  uncongenial  to  him;  he 
found  the  individual  there  unduly  dominated  by  the  organization.  Too 
little  initiative  was  accorded  to  the  mine  manager;  a  condition  which 
perhaps  avoids  sensational  blunders,  but  does  not  tend  to  develop  the 
best  in  either  men  or  mines.  So  he  did  not  renew  his  Rand  engagement, 
preferring  to  accept  an  oflfer  from  Mr.  Knox  to  superintend  the  reopening 
and  re-equipment  of  the  Commonwealth  mine  in  Arizona — which  had 
just  been  acquired  by  a  subsidiary  of  the  Montana-Tonopah  Company. 

The  Commonwealth  was  an  old  silver  bonanza,  around  the  fringe 
of  which  considerable  areas  of  low-grade  silver  ore  remained.  This 
proved  neither  in  tonnage  nor  grade  equal  to  anticipation;  and  while 
mine  and  mill  were  completely  equipped  and  ably  handled,  it  was  im- 
possible to  realize  any  substantial  profit  at  the  price  of  silver  then 
prevailing,  and  after  several  years  work  was  suspended. 

After  a  short  interlude  in  charge  of  the  Oceanic  quicksilver  mine  in 
California,  Edgar  Collins  undertook  the  management  of  the  Ridder 
mine,  in  the  Altai  mountains  in  southern  Siberia.  This  is  a  property 
of  the  first  magnitude;  but  the  disintegrating  effect  of  the  Bolshevik 
regime  had  already  commenced,  and  conditions  as  to  labor  and  supplies 
were  chaotic.  He  sacrificed  9  months  in  a  patient  endeavor  to  achieve 
the  impossible,  when  the  property  was  seized  by  the  Bolsheviki,  and  he 
started  for  home  with  his  family.  After  a  long  journey,  uneventful 
excepting  for  discomfort,  they  arrived  safely  at  Vancouver. 

Possibly  his  vigorous  constitution  had  become  weakened  by  worry 
and  inaction.  At  all  events,  shortly  after  his  return  to  California  he 
was  attacked  by  pneumonia,  and  died  at  Ben  Lomond  on  June  3,  1918, 
after  a  brief  illness. 

Edgar  Collins  was  widely  recognized  as  one  of  the  most  skillful 
mine  managers  of  his  day,  his  combination  of  energy  and  cool  judgment 
being  most  effective.  He  was  remarkably  successful  in  handling  men 
and  getting  the  best  out  of  them,  and  will  long  be  remembered  with 
affectionate  respect  by  a  large  number  of  the  men  who  worked  under  him. 

He  married,  in  1906,  Miss  Grace  Reynolds  of  San  Francisco,  who 
with  three  children,  two  boys  and  one  girl,  survive  him.  He  was  par- 
ticularly fortunate  in  his  doniestic  relations,  and  a  great  lover  of  home. 

His  only  formal  contribution  to  technical  literature  was  a  short  paper, 
"A  Prospecting  Shaft  in  the  Goldfield  District,  Goldfield,  Nevada," 
in  the  Transactions  of  the  Institution  of  Mining  and  Metallurgy,  Vol. 
15,  pages  540-2.  Several  occasional  contributions  to  the  technical 
press  illustrate  the  happy  combination  of  lucidity  and  simplicity  which 
he  inherited  from  his  father,  and  suggest  the  loss  which  his  disinclination 
for  formal  writing  occasioned  to  his  fellows.  He  had  a  gift  for  letter 
writing  which  is  rare  now-a-days,  and  many  of  his  letters  written  while 
traveling  have  passed  from  hand  to  hand. 

Utterly  loyal  alike  to  employer  and  subordinate,  a  genial  companion 
and  a  sound  engineer,  Edgar  Collins  will  be  widely  missed,  even  outside 
the  circle  of  his  intimate  friends  and  relatives.      George  E.  Collins. 
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THEODORE  EDWASD  SCHWARZ* 
Theodore  Edward  Schwarz,  a  member  of  the  Institute  since  1876, 
died  at  Boston  on  Oct.  1,  1917.     He  was  born  in  Boston  in  1855. 

He  was  graduated  at  the  English  High  School  in  that  city  in  1872, 
and  the  same  year  entered  the  Massachusetts  Institute  of  Technolc^, 
where  he  studied  mining  engineering  for  a  life  profession,  graduating  in 
1876. 

In  the  following  year,  Charles  Burleigh,  of  Fitchburg,  Mass.,  ofEered 
him  employment  as  a  mining  engineer  at  the  Burleigh  tunnel  which  wtie 
then  being  driven  into  Sherman  Mountain,  near  Georgetown,  Clear  Greet 
County,  Colorado.    This  was  one  of  the  first  enterprises  of  its  class  in 


THEODOBE  E.  SCHWAltZ. 

Colorado,  and  the  Burleigh  machine  drill  was  first  introduced  here-  Ac- 
cepting the  position,  Mr,  Schwarz  acquired  valuable  experience  in  tunnel 
work  with  air  drills,  as  well  as  in  practical  mining. 

In  1878,  he  closed  hia  connection  with  this  enterprise,  and  with  a 
partner  engaged  in  developing  a  prospect  in  Silver  Creek  near  Lawson, 
where  he  gained  some  further  knowledge  of  the  patience  and  hard  labor 
required  to  create  a  mine. 

In  the  fall  of  that  year,  he  became  interested  in  a  lease  on  the  Vi\d^ 
lode  in  the  district  called  Red  Elephant,  back  of  Lawson,  where  he  sunk 
the  first  250  ft.  of  what  has  since  been  known  as  the  Schwarz  shaft,  devel- 
oping the  property  and  operating  it  for  2  years,  during  which  time  he 
'  Article  by  Frank  Hall;  "History  of  Colorado,"  vol,  i. 
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shipped  considerable  ore.  At  a  later  period,  and  until  1882,  he  prospected 
in  Cascade  district,  Clear  Creek  County,  and  from  time  to  time,  examined 
and  reported  upon  prospects  for  Boston  and  New  York  investors. 

In  1882,  be  accepted  tbe  management  of  the  Santa  Rita  copper  and 
iron  mines  near  Silver  City,  New  Mexico.  Here,  he  created  extensive 
improvements  including  a  very  successful  concentrating  mill  of  100  tons 
daily  capacity,  and  developed  the  extensive  native  copper  deposits  of 
the  property.  The  decline  in  the  price  of  copper  in  1883  caused  the  works 
to  be  closed  at  a  time  when,  by  thorough  engineering  and  economical 
management,  he  had  brought  them  to  a  self-sustaining  condition. 

In  August,  1884,  he  was  appointed  Superintendent  of  the  Yankee 
Girl  mine.  Red  Mountain  district,  Ouray  County,  which  had  then  been 
but  crudely  opened  to  a  depth  of  100  ft.  During  the  5  years  of  his 
management  he  developed  it  to  a  depth  of  about  1000  ft.,  opened  new  and 
productive  ore  shoots,  erected  the  large  hoisting  plant  and  all  surface 
improvements,  and  worked  it  at  such  profit  that  the  Company  was  able 
to  pay  dividends  amounting  to  nearly  $1,000,000.  The  development  of 
the  Robinson  mine,  adjoining  and  a  part  of  the  property,  to  the  point  of 
productiveness  was  accomplished  by  him  in  the  spring  of  1889.  It  has 
since  continued  to  be  one  of  the  most  productive  of  Red  Mountain 
orebodies. 

In  June,  1888,  while  conducting  the  Yankee  Girl,  he  was  engaged  to 
superintend  the  Guston  mine,  also  an  adjoining  property  owned  by  the 
New  Guston  Co.,  Ltd.,  of  London.  It  had  acquired  a  heavy  indebtedness, 
and  been  shut  down  full  of  water  during  the  previous  year.  By  his  knowl- 
edge of  the  Red  Mountain  formation,  which  he  had  made  a  subject  of 
careful  study,  he  was  able  to  place  this  mine  on  a  dividend-paying  basis 
within  a  few  months  after  taking  charge.  For  some  time  the  company 
paid  larger  dividends  in  proportion  to  its  capitalization  than  any  other 
mine  in  the  U.  S.  He  induced  the  company  to  lease  and  bond  the 
Little  Annie  and  Smuggler  claims  adjoining  the  Guston  workings,  for 
about  $80,000,  believing  the  ground  too  valuable,  although  no  pay  ore 
was  then  showing  in  either  claim.  During  the  winter  of  1889-90  he 
succeeded  in  opening  a  large  body  of  fine  ore  in  the  Smuggler;  it  was 
purchased  and  became  a  profitable  mine. 

He  was  also,  during  his  residence  in  the  district,  connected  with  the 
development  of  several  other  properties,  among  them  the  National  Belle, 
now  belonging  to  the  American  Belles  Mines  Co.,  Ltd.,  on  which  he 
located  the  present  working  shaft  and  sunk  it  to  a  depth  of  300  ft. 

In  March,  1890,  the  health  of  his  family  having  suffered  from  long  ex- 
posure to  the  high  altitudes,  he  resigned  his  management  of  the  New 
Guston  Company,  receiving  a  formal  vote  of  thanks  from  the  directors 
and  stock-holders  of  the  company  in  London,  in  appreciation  of  his  serv- 
ices. His  own  health,  also,  had  become  seriously  impaired  by  his  long 
residence  at  high  altitude. 

At  the  Colorado  meeting  of  the  Institute,  in  1889,  Mr.  Schwarz  pre- 
sented the  first  comprehensive  paper  that  had  appeared,  descriptive  of 
the  geology  and  ore  deposits  of  the  Red  Mountain  district.* 

In  1890,  he  opened  an  oflSce  in  Denver,  as  consulting  mining  engineer, 
making  a  specialty  of  mine  management,  and  having  in  charge  the  devel- 
opment of  several  prominent  properties,  including  a  number  of  important 
undertakings  in  the  San  Juan  country. 

1  Trans.  (18S9),  18, 139. 
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MEMBERSHIP 

'  New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Sept.  10,  1918,  to  Oct.  10,  1918. 

Addison,  Herbert,  Vice-pres.  and  Mgr.,  Big  Horn  Collieries  Co., 

412  Colorado  Bldg^  Denver,  Colo. 

Allan,  Andrew,  Jr A,  Allan  &  Son,  Harrison,  N.  J. 

Ami,  Henrt  M.,  Charge  of  War  Metals  and  Minerals,  British  Eknbass^, 

Washington,  D.  C. 
Althar,  Homer  C,  Min.  Engr.,  The  Lorain  Coal  &  Dock  Co., 

Bridgeport,    Belmont    Co.,   Ohio. 

Baker,  John  T Pres.,  J.  T.  Baker  Chemical  Co.,  Phillipsburg,  N.  J. 

Barb  A,  W.  P.,  lieut.  Colonel,  Ordnance,  U.  S.  A.,  2301  Connecticut  Ave., 

Washington,  D.  C. 

Benson,  John  Paty Min.  Engr.,  Aurora  Cons.  Mines  Co.,  Aurora,  Nev. 

BoswELL,  H.  F Resident  Inspector,  Southern  Railway  Sy^m,  St.  Louis,  Mo. 

Brattgher,  Peter  S.,  Foundry  Mgr.,  Philadelphia  &  Reading  Ry.  Co., 

Sixth  &  Perry  St.,  Reading,  Pa. 
Brugoer,  Melvin,  Min.  Engr.,  Soci6t6  International  Forestifere  et  Miniftre  du  Congo, 

Formini^re  Mission,  Tshikapa,  Kasai,  Congo  Beige. 

Bryan,  John  K Mgr.,  Electrolytic  Zinc  Co.  Inc.,  Colgate,  Baltimore,  Md. 

Buchanan,  DeWitt  Wheeler,  Pres.,  Old  Ben  Coal  Corpn.,  1114  McCormick  Bldg., 

Chicago,  Ul. 
Burgess,  Charles  Wesley,  Met.  Engr.,  The  Dorr  Co.,  206  Miners  Bank  Bldg., 

Joplin,  Mo. 

Caron,  M.  H.,  Min.  Engr Mynweren,  Batavia,  Java,  N.  E-  L 

Cheney,  Charles  Albert,  Geol.,  Crosby  Exploration  Co.,  21  N.  Butler  St., 

Madison,  Wis. 
Clark,  George  B.,  Asst.  Valuation  Engr.,  Colorado  &  Wyoming  Railway  Co., 

515  Boston  Bldg.,  Denver,  Colo. 

Cook,  Walter  E Chem.  &  Met.,  Camden  Forge  Co.,  Camden,  N.  J. 

Crowdus,  John  William 1st  Lieut.,  Engineers,  U.  S.  A 

Elmore,  G.  H.,  Cons.  Engr..  1001-1003  Colonial  Trust  Bldg.,  Philadelphia,  Pa. 

Findley.  Alvin  I Editor,  The  Iron  Age,  239  W.  39th  St.,  New  York,  N.  Y. 

Flinn,  Thomas  C Production  Engr.,  Kennedy  Foundry  Co^  Baltimore,  Md. 

Fox,  Oliver  Edwin Min.  &  Civ.  Engr.,  Fox,  Peck  &  Fox,  Harlan,  Ky. 

Frisbie,  Howard  L,  Efficiency  Engr.,  Anaconda  Copper  Min.  Co., 

Washoe  Reduction  Wks.,  Anaconda,  Mont 
Oilman,  F.  L.,  Wks.  Mgr.,  National  Conduit  &  Cable  Co.,  Inc., 

Hastings-on-Hudson,  N.  Y. 
Holder,  G.  C,  Met.  &  Chem.,  Wheeler  Condenser  &  Engineering  Co.,  Carteret,  N.  J. 
Horne,  Joseph  A.,  Vice-pres.  &  Gen'l  Supt.,  Yale  &  Towne  Mfg.  Co., 

Stamford,  Conn. 

Kasjens,  Jacob  G Pres.,  Brass  Foundry  Co.,  711  So.  Adams  St.,  Peoria,  Dl. 

Kennedy,  Daniel  J Wks.  Mgr.,  The  Kennedy  Valve  Mfg.  Co.,  Elmira,  N.  Y. 

Lemke,  Paul  F. Supt.,  Bausch  &  Lomb  Optical  Co.,  Rochester,  N.  Y. 

Leonard,  Bart.  C,  Gen'l  Supt.  &  Mgr.,  Riverside  Coal  Min.  Co.,  South  Fork,  Pa. 

Levinger,  David Western  Electric  Co.^  Hawthorne  Station,  Chicago,  Dl. 

LuTTs,  Carlton  G.,  Met.,  Metallurgical  Laboratory,  Boston  Navy  Yard, 

Boston.  Mass. 
M  ACL  AY,  Edgar  G.,  Foreman,  Ferro-Alloy  Plant,  Anaconda  Copper  Min.  Co., 

Great  Falls,  Mont 
Mennie,  T.  S.,  Concentrator  Mill  Supt.,  McKinley-Darragh-Savage  Mines  of  Cobalt, 

Ltd.,  Cobalt,  Ont.,  Canada. 
Merritt,  Floyd  C,  Supt.,  Ram  shorn  Mine,  Aetna  Min.  &  Investment  Co., 

Challis,  Idaho. 
Messmer,  Ferd.,  Pres.,  Ferd.  Messmer  Mfg.  Co.,  2700  South  7th  St.,  St.  Louis,  Mo. 
Miller,  Charles  A.,  Asst.  Mine  Supt.,  United  Verde  Copper  Co.,  Jerome,  Ariz. 
MoTT,  Everett  H.,  Smelt.  Supt.,  Sociedad  Minera  Backus  y  Johnston  del  Peru, 

Casapalca,  Peru,  S.  A. 
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M0UL8DALE,  William  Edward Met.  Engr.,  6  Castle  St.,  Liverpool,  England. 

Nichols,  F.  E Supt.,  Danao  Coal  Mines,  Danao,  Cebu,  P.  I. 

Paquet,  Fred.,  Supt^  Metals  Dept.,  Deloro  Smelt.  &  Refin.  Co.,  Deloro,  Ont.,  Can. 
Petinot,  N.,  Met.  Eiigr.,  Vice-pres.,  United  States  Alloys  Corpn.,  Buffalo,  N.  Y. 

Pillow,  Albert  E Hampden  Club,  Hampden  St.,  N.  W.,  London,  England. 

Richardson.  Edro Pres.,  The  Edro  Richardson  Brass  Co.,  Baltimore,  Md. 

RiFFER,  J.  E.,  Prop.,  St.  Catharines  Brass  Works,  62  Georges  St., 

St.  Catharines,  Ont.,  Canada. 
ScHELL,  H.  B.,  Asst.  Mine  Mgr.,  Mount  Bischoff  Extended  Tin  Min.  Co., 

Waratah,  Tasmania. 

Shafer,  Frederick  C Supt.,  Penberthy  Injector  Co.,  Detroit,  Mich. 

Silver,  Albert,  Mill  Supt.,  Belmont  Shawmut  Min.  Co.,  Box  7, 

Shawmut,  Tuolumne  Co.,  Cal. 
Sleeth,  S.  D.,  Gen'l  Supt.  of  Foundries,  Westinghouse  Air  Brake  Co.^ 

Wilmerding,  Pa. 
Smirnoff,  Theodore  V.,  Met.  Engr.,  Upper  Nsetaky  Min.  &  Met.  Co., 

Zexaterinburg,  Perm,  Russia. 

Warner,  C.  H Sec'y ,  85  Mining  Co. ,  Valedon,  N.  M. 

White,  John  H Mine  Mgr. ,  Climax  Molybdenum  Co.,  Climax,  Colo. 

Wilkinson,  A.  D.,  Asst.  Smelter  Supt.,  Cananea  Cons.  Copper  Co., 

Cananea,  Sonora,  Mexico. 
Yottno,  Edward  L^  Min.  Encr.,  Dept.  of  the  Interior,  Bureau  of  Mines,  Berkeley,  Cal. 
ZiBGLER,  Victor,  Cons.  GeoL,  Prof,  of  Geology,  Colorado  School  of  Mines, 

Golden,  Colo. 


Associates 

Barnes,  Francis  M.,  Jr.,  Dr.  of  Psychiatry,  University  Club  Bldg.,  St.  Louis,  Mo. 
B1RKEN8TEIN,  Harrt,  Mgr.,  S.  Birkenstein  &  Sons,  377  W.  Ontario  St.,  Chicago,  111. 
Buckingham,  Fisher  A.,  Flotation  Div.,  Lubricating  Oil  Dept^  Standard  Oil  Co., 

200  Bush  St.,  San  Francisco,  Cal. 
BuRTT,  John  Gurnet^  Pet.  Geol.,  Roxana  Petroleum  Co.  of  Okla.,  Tulsa,  Okla. 
Carpenter,  Mitrel  Edward.  . .  .Geol.  Engr.,  Roxana  Petroleum  Co.,  Tulsa,  Okla. 

Evens,  Henry  W Foundry  Foreman,  Lumen  Bearing  Co^  Buffalo,  N.  Y. 

Green,  George  L.,  Oil  Geol.,  Gladstone  Oil  &  Refin.  Co.,  222  Scott  Thompson  Bldg., 

Oklahoma  City,  Okla. 
Gregory,  Sewell  Harding,  Morgan  Crucible  Co.,  Ltd.,  Battersea  Works, 

Church  Road,  London  S.  W.  11,  England. 
Harley,  L.   J..   Jr.,  Pres.,  The  Harley  Co..   Page  Boulevard,  Springfield,  Mass. 

Holzhauer.  William Asst.  Engr.  0/  Tests,  Milton  Mfg.  Co.,  Milton,  Pa. 

HoRSPALL,  Henry  A Cons.  Engr.,  29  West  39th  St^  New  York,  N.  Y. 

Jones,  S.  S Pres.  &  Gen'l  Mgr..  Towne  Min.  Co.  Chloride,  Ariz. 

JuDSON,  W.  R.,  District  Mgr.,  Allis-Chalmers  Mtg.  Co.,  Casilla  2653, 

Santiago,  Chile,  S.  A. 
Keete,  John  J.,  Sec*y»  Rochester  Bronze  &  Aluminum  Co.,  Inc., 

23  Marietta  St.,  Rochester,  N.  Y. 
Lawton,  Lewis  H.,  Sec'y  <fe  Gen'l  Mgr.,  Jonathan  Bartley  Crucible  Co.,  Trenton,  N.  J. 
Mackenzie,  Andrew  Nicholls,  Pet.  Geol.,  The  Einpire  Gas  &  Fuel  Co., 

'  Drawer  S,  Bartlesville,  Okla. 

Martin,  Curtis  F Co.  B,  27th  Engineers,  American  E.  F.,  via  New  York. 

Maxwell,  H.  W Engr.,  Mine  &  Smelter  Supply  Co.,  El  Paso,  Texas. 

Meng,  Alvord  p..  Chief  Chem.,  Stamford  Rolling  Mills  Co.,  Springdale,  Conn. 
Morrison,  Charles  E.,  Sec'y  <fe  Treas.,  The  James  Morrison  Brass  Mtg.  Co.,  Ltd., 

97  Adelaide  St.,  West,  Toronto,  Can. 
Perlstein,  Isaac  N.,  Salesman,  Great  Western  Smelt.  &  Refin.  Co., 

41st  &  Wallace  Sts.,  Chicago,  111. 
Schulte,  William  H.,  Gen'l  Mgr.,  The  Trenton  Brass  &  Machine  Co.,  Trenton,  N.  J. 
Stratton,  Joseph  B.,  Business  ^Igr.,  Andes  Copper  Min.  Co.,  Casilla  230, 

Antofagasta,  Chile. 
Valerius,  Herman  Pomeroy,  Civ.  &  Mech.  Engr.,  Brown  Hoisting  Machinery  Co., 

American  E.  F.,  France. 
Warren,  Edward  C,  Treas.,  Rochester  Bronze  &  Aluminum  Co.  Inc., 

23  Marietta  St.,  Rochester,  N.  Y. 
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Junior  Associates 

Bell,  Francis  M Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Brown,  Prentice  Farrar Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Carrasco,  Juan  L Student,  Cornell  University,  Ithaca,  N.  Y. 

Febsenden,  J.  H.,  Jr Electrician  2d  Class  (Radio)  U.  S.  N.  R.  F. 

Goodwin,  Edward  H Aviation  Corps,  Barracks  No.  1,  Champaign,  Dl. 

Goodwin,  George  G Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Graham,  David  J Student,  Colorado  School  of  Mines,  Golden,  Colo. 

McClosket,   Downs,  Lieut.,   2d  Regiment,  First  Brigade,  Camp  Jackson,  S.  C. 

Petritz,  William  E Min.  Ener.,  Anaconda  Copper  Min.  Co.,  Butte,  Mont. 

RoMiNE,  Thomas  B Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Serviss,  Fred  Le  Verne Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Tu,  Ching  Fang Kirin,  China. 

Change  of  StatiiSj  Junior  Associaie  to  Member 
Madson,  Frank  H Min.  Engr.,  The  McKinney  Steel  Co.,  Bessemer,  Mich, 

Total  Membership,  Oct.  10,  1918 7146 

Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Sept.  10,  1918  to  Oct.  10,  1918. 

This  list  together  with  the  list  published  in  Bulletins  No.  133  to  142, 
January  to  October,  1918,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Jan.  1,  1918 
and  brings  it  up  to  the  date  of  Oct.  10,  1918. 

Adams,  Henry,  Major,  Chemical  Warfare  Service,  U.  S.  A.  P.  O.  717, 

American    E.    F.^    France. 

Agthb,  Fred  T 309  N.  6th  St.,  Hanmbal,  Mo. 

Allen,  Rot  H.,  Capt.,  Air  Service,  Bureau  of  Aircraft  ^oduction, 

4th  &  Missouri  Ave.,  Washington,  D.  C 
Amidon,  Claude  E.,  Chemical  Warfare  Section^  Astoria  H.  L.  &  P.  Co.,  Astoria,  L.  I. 
Anderson,  F.  B.,  Mina  La  Taratana,  Mina  Mmera  de  Manganeso,  Bayamo, 

Oriente,  Cuba. 

Arakawa,  Eiji,  Min.  &  Met.  Engr Sumitomo  General  Office,  Osaka,  Japan. 

AsKiN,  Thomas  B.  H Radio  Station,  Cavite,  P.  I. 

Bagge,  N.  O 203  Broadway,  New  York,  N.  Y. 

Baker,  David  F Blast  Furnace  Dept.,  National  Tube  Co.  of  Lorain,  Ohio. 

Bates,  Bennett  R Instructed  to  hold  everything. 

Bates,    Mowry 335    Iowa    Bldg.,    Tulsa,    OkU. 

Batten,  H.  L.,  lieut.,  Canadian  Engineers,  Care  J.  W.  Morgan.  Deer  Park, 

Woldinsham,     Surrey,     En^and. 

Benoist,  E.  J Braden  Copper  Co.,  La  Mma,  Rancagua,  ChOe. 

Berray,  Nilbs  S 2219  West  Washington,  Los  Angeles,  Cal. 

Blair,  George  S.,  Ist  Lieut.,  Battery  A,  320th  Field  Artillery, 

American  P.  O.  742,  American  E.  F.,  France. 

Blickensderfer,  F.  C Ist  lieut.,  Ord.  Dept.,  Edgewood  Arsenal,  Edgewood,  Md. 

Block,  James  A.,  Chief  Engr Crystal  Coal  &  Coke  Co^  Crystal,  West  Va. 

Borden,    Gail Box    222,    Liarchmont,    N.    Y. 

Briggs,  Walter  M 2420  Ridge  Road,  Berkeley,  Cal. 

Brigham,  Edmund  D.,  Mgr.,  Railroad  Comm.,  U.  S.  Railroad  Administration, 

910  FideUty  Bldg.,  Duluth,  Minn- 
Brockunier,  8.  H.,  Supt.,  Chateaugay  Ore  &  Iron  Co.,  Lyon  Mountain,  N.  Y. 
Brooks,  Floyd  R.,  lieut.,  Canadian  Engineers,  C.  E.  T.  C,  Seaford,  Sussex,  £ng. 

Brown,  Frederick  C R.  F.  D.  5,  Boise,  Ida. 

Brown,  George  M.,  Co.  G,  1st  Engineer  Replacement  Regiment, 

Washington  Barracks,  D.  C. 

Brunel,  Frank  P Shoreham   Apts.,   So.  Magnolia,  Long  Beach,  Cal. 

Brunel,  Louis  J.,  2d  Lieut.,  5th  Field  Artillery,  Brigade  Headouarters, 

American  E.  F.,  Care  Postmaster,  N.  i. 
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Brunton,  D.  W.,  Cona.  Engr.,  Naval  Conaulting  Board,  Navy  Bldg.. 

Wasnington,  D.  C. 

Brutere,  Alan Care  Producing  Dept.,  The  Texas  Co.,  Cisco,  Texas. 

Brtcb,  Robert  A 149  Indian  Road,   Toronto.   Canada. 

BucKBY,  D.  W 1527  Harvard  Ave.,  Salt  Lake  City,  Utah. 

BuNTAN,  F.  W.,  Asst.  Chera.,  Noble  Electric  Steel  Co.,  Heroult,  Shasta  Co.,  Cal. 

BuRQREN,  Arthxtb  W Care  A.  B.  Nanert,  4900  Cimmaron  St.,  Los  Angeles,  Cal. 

BfjRHELL,  O.  C 808  Sellwood  Bldg.,  Duluth,  Minn. 

Callaway,  F.  W.,  Corp.,  Miners  &  Sappers  School,  U.  S.  M.  C.,  Quantico,  Va. 
Carlisle,  Stanley  B.,  Co.  A,  346th  Macnine  Gun  Battalion, 

American  P.  O.  776,  American  E.  F.,  France. 
Chadwick,  John  P.,  American  Smelt.  &  Refin.  Co.,  Casilla  35,  Antofagasta,  Chile. 
Chapman,  Lewis  C,  Corp.,  29th  Engineers,  American  E.  F.,  A.  P.  O.  No.  714,  France. 
Chase,  J.  L.,  Cadet  2011205,  Canadian  Engineers  Training  Depot, 

St.  Jonns,  P.  Q.,  Canada. 
Chatin,  August  H.,  472d  Engineers,  U.  S.  A.,  Bldg.  C,  Room  4-107, 

Henry  Parks  Bldg^  Washington,  D.  C. 

CoNRADS,  R  A 804  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

Corbin,    J.   Ross 123   Clinton  Ave.,   New   Rochelle,   N.   Y. 

CouLDREY,  Paul  S.,  Corp.,  313134  W.  R.  5  Works  Co., 

Saltpans,  nr.  Sandwich.  Kent,  England. 
Cowans,  Fbederick,  Gen'l  Mgr.,  Utah  Cons.  Min.  Co.,  608  Dooly  Block. 

Salt  Lake  City,  Utah. 
Croxton,  David  T.,  Pres.,  Cleveland  Furnace  Co.,  315  Clark  Ave.,.S.  W., 

Cleveland,  Ohio. 
CuNNiFF,  Bernabd,  American  Magnesium  Corpn.,  Room  1364,  200  Fifth  Ave., 

New  York,  N.  Y. 

Cunningham,  George  H Box  856,  Melbourne,  Australia. 

Dale,  Ralph,  Lieut.,  Co.  E,  114th  Engineers,  A.  E.  F.,  Care  Postmaster,  N.  Y. 

Daman,  A.  C 4547  Wolff  St.,  Denver,  Colo. 

Daulton,  Theodobb  M.,  Gen'l  Mgr.,  Placer  Gold  Mines  Co.,  1002  Third  Ave., 

Seattle,  Wash. 
Davis,  Levebett,  Min.  Engr.;  Mgr.,  The  Commonwealth  Min.  Co., 

911-15  Foster  Bldg.,  Denver,  Colo. 

Dbvine,   John   C Troy- Arizona   Copper   Co.,   Kelvin,    Ariz. 

Dibtz,  J.  H American  Zinc  Products  Co.,  Greencastle,  Ind. 

Dove,  D.  R,  Candidate,  21st  Training  Battery,  F.  A.  C.  0.  T.  S., 

Camp  Zachary  Taylor,  Ky. 
Dudley,  Boyd,  Jb.,  Capt.,  Ordnance  Dept.,  Inspection  Eftv., 

Watervliet  Arsenal,  Watervliet,  N.  Y. 
DuNBAB,  Douglas  MacD.,  Co.  20,  5th  Bat.,  163  Depot  Brigade, 

Camp  Dodge,  Iowa. 
Eddingpield,  F.  T.,  Min.  Engr.,  Bureau  of  Mines,  1440  Harvard  St., 

Washington,  D.  C. 
EuLiCH,  Abtileus  v.,  Co.  H,  2d  Engineers  Training  Regiment,  Camp  A.  A., 

Humphreys,  Va. 

Farnham,  C.  Mason Geol.,  American  Metal  Co.,  Barre  Plains,  Mass. 

Ferguson,  Claude Supt.,  Consolidated  Arizona  Smelting  Co.,  Ocotillo,  Ariz. 

FisHEB,  Thomas  E 5  Baker  Ave.,   Dover,   N.  J. 

FoBBEs,  D.  D Instructed  to  hold  everything. 

FouRNiBB,  E.   Antunbs Apartado  745,   Mexico  City,   Mexico. 

FuLLAWAY,  Richabd  M.,  Co.  B,  4th  U.  S.  Engineers,  American  E.  F., 

Care    Postmaster,    N.    Y. 

Gael,  Rudolf Cons.  Met.,  1213  First  National  Bank  Bldg.,  Denver,  Colo. 

Galpin,  Sidney  L 620K  Sherman  Ave.,  Hutchinson,  Kansas. 

Garbison,  Mubbay   E Cadet,  Squadron  1,  Camp  Dick,  Dallas,  Texas. 

Geib,  Fbancis  Hodgson Co.  2,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

GooDBicH,  Robebt  Rhea 521  E.  3d  St^  Anaconda,  Mont. 

GoBELANOTON,  Cecil  A Capt.,  Engineer  Corps,  U.  S.  Army. 

Gotsch,  Oscab,  Jr.,  Chief  Machinist's  Mate,  U.  S.  Navy  Steam  Engrs.  School, 

Stevens  Institute,  Hoboken,  N.  J. 
Grant,  Ulysses  S.,  IV,  2d  Lieut.,  Textile  Equipment  Branch,  O.  Q.  M.  G., 

Room  3414,   Unit  G,    19th  &  B.   Sts.,    Washington.   D.   C. 
Graton,  Louis  C  . . .  Copper  Producers  Committee,  60  Broadway,  New  York,  N.  Y. 
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Green,  Waldbon  A.,  2d  Lieut.,  Co.  D,  27th  EngineerB,  A.  E,  F., 

Care  Postmaster,  N.  Y. 

GuiTERMAN,  Kenneth  S Box  462,  Lawrence.  L.  I.,  N.  Y. 

Hall,  R.  G.,  Resident  Msr.,  Burma  Mines  Ltd.,  Namtu,  Upper  Shan  States,  Burma. 
Hampton,  William  H.,  Gas  Defense  Div.,  Chemical  Warfare  Service,  U.  8.  A., 

Long  Island  City,  N.  Y. 

Harder,   Oscar  E Mellon  Institute,   Pittsburgh,  Pa. 

Harms,  Purl  L.,  Major,  19th  U.  S.  Infantry,  18th  Division,  Camp  Travis,  Texas. 

Harrington,  D U.  S.  Bureau  of  Mines,  Golden,  Colo. 

Hbizbr,   O.   F Supt.,   Sheepranch   Mine,   Sheepranch,  Cal. 

Herron,  James  H.,  The  James  H.  Herron  Co.,  1364  West  Third  St., 

Cleveland,  Ohio. 

HiLBY,  George  R Lieut.,  Headquarters,  Ellington  Field,  Houston,  Texas. 

Hoffmann,  Karl  F.,  Cons.  Engr.,  Genersil  Development  Co.,  61  Broadway, 

New  York,  N.  Y. 

HoHL,  L.  John Cons.  Engr.,  1834  Delaware  St.,  Berkeley,  Cal. 

Holmberg,  Clyde  L Box  301,  Virginia,  Minn. 

HousHOLDER,  E.  Ross Studcut,  Co.  4,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Hu,  S.  H Met.,  Illinois  Steel  Co.,  Gary,  Ind. 

Huntley,  Louis  G.,  Pres.,  Island  Oil  &  Transport  Corpn.,  62  Cedar  St., 

New  York,  N.  Y. 
HuTCHiNS,  R.  Grosvenor,  Jr.,  Head,  Bureau  of  Home  &  Hospital  Service, 

American  Red  Cross.  France. 

Ihlseng,   Axel  O Cons.   Engr.,   JopUn,    Mo. 

Ireland,  Robert  R Student,  Colorado  School  of  Mines,  Golden,    Colo. 

Irwin,  Joseph  S 2d  Lieut,  of  Infantry,  U.  S.  Army,  Cainp  Perry,  Ohio. 

Jaeger,    Frederick 25  Bergen  Ave^  Jamaica,  N.  Y. 

Jarrett,  Fred  G Buckley,  Pierce  Co.,    Washington. 

Jones,  Wendell T.  .Co.  D,  3 1 6th  Engineers,  American  E.  F.,  Care  Postmaster,  N.  Y'. 

Kbedy,  Dyke  V Care  Norton  &  Co.,  Niagara  Falls,    N.  Y'. 

Kendall,    A Box    342,    Hancock,    Mich. 

KiLiANi,  Richard  B.  T.,  Sec'y  &  Treas^  Hardinge  Conical  MiU  Co.,  Room  525, 

First   National   Bank   Bldg.,    Denver,   Colo. 
Kirby,  a.  G.,  Gen 'I  Mgr.,  Darwin  Lead  &  Silver  Mines  &  Dev.  Corp., 

818  So.  6th  East  St.,  Salt  Lake  City,  Utah. 

KivARi,  Arthur  M 400  Empire  Bldg.,  Denver,  Colo. 

Klein,  Karl  F 543  West  123d  St.,  New  York,  N.  Y. 

Kroeger,  Adolph  C Co.  l-b,  E.  O.  T.  S.,  Camp  A:  A.  Humphreys,  Va. 

Ladoo,  Raymond  B.,  John  B.  Guernsey  &  Co.,  Inc.,  411  Strickland  Bldg., 

Koanoke,  Va. 
Lehmann,  Charles,  Min.  &  Met.  Engr.,  13  Chetsworth  Road, 

West  Norwood,  London,  S.  E.,  England. 

.Lewis,  Robert  S Box  902,  Stanford  University,  Cal. 

Linthicum,  J.   F Night  Supt.,   Monsanto  Chemical  Works,  St.  Louis,  Mo. 

Loerpabel,  W.  Harrison Co.  6.  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

LuNT,  Horace  F.,  Capt.,  Engineer  Officers'  Training  Camp,  Camp  Humphreys,  Va. 

MacDonald,    H.    D American    Zinc    Co.,    Mascot,    Tenn. 

MacNichol,  a.  W.,  Ensign,  U.  S.  N.,  U.  S.  S.  Pastores,  Care  JPostmaster,  N.  Y. 
Macaulay,  R.  M.,  The  Consolidated  Min.  &  Smelt.  Co.  of  Canada,  Ltd., 

Rossland,  B.  C.,  Canada. 
Marsh,  A.  G.,  Corp.,  Co.  C,  18th  Railway  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y'. 

Masters,    John   E Box   413,    Livermore,    Cal. 

Means,  Alan  H.,  2d  Lieut.,  F.  A.,  N.  A.,  314th  Field  Artillery,  155  Art.  Brigade^ 

American  E.  F.,  CJare  Postmaster,  N.  Y". 
Me  or  AW,  H.  A.,  Bureau  of  Aircraft  Production,  435  Bldg.  D,  4th  &  Missouri  Ave., 

Washington,   D.  C. 

Merritt,  Floyd  C Instructed  to  hold  Bulletins  and  mail. 

Miller,  William  B.,  2d  Lieut.,  Co.  B,  1st  Gas  Regiment,  A.  P.  O.  706,  American  E.  F. 
MoGA,  John  August,  Student,  Officers'  Training  Camp,  Co.  A, 

Coast  Artillery  School,  Fort  Monroe.  Va. 

Moore,  George  P The  Wallace  Barnes  Co.,  Bristol,  Conn. 

Mott,  L.  C,  Min.  Engr.,  Vice-pres.,  Western  Metals  Co.,  626  Security  Bldg., 

Los  Angeles,   Cal. 
MriR,  T.  K 809  Trust  &  Savings  Bank  Bldg.,  Los  Angeles,  Cal. 
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Murray,  Malcolm  S.  . .  .Capt.  Engineers,  Co.  C,  98th  Engineers,  Camp  Leach,  D.  C. 

Nbubtabdtbr,   Arthur 30  Wegman  Parkway,   Jersey  City,   N.  J. 

Newhan,  M.  a Nelson,  Clark  Co.,  Nev. 

Nicholas,  Abkin  M.,  McLaughlin,  Rusell,  Coe  &  Sprague,  165  Broadway, 

New  York,  N.  Y. 
Officer,  Herbert  G.,  2d  Lieut.,  Aviation  Section,  2025  H.  St.,  N.  W., 

Washington,  D.  C. 

Ortnski,  John  B 1104  N.  Olive  St.,  San  Antonio,  Texas. 

OsBORN,  F.  W Box  3,  Great  Neck  Sta.,  Long  Island,  N.  Y. 

Packard,  Henry  J Care  Pacific  Tungsten  Co.,   Mill  City,  Nev. 

Paddison,  L.  F.,  U.  S.  Smelt.,  Refin.  &  Min.  Exploration  Co., 

1504  Hobart  Bldg.,  San  Francisco,  Cal. 

Page,  William  N Cons.  Engr.,  1863  Kalorama  Road,  Washington,  D.   C. 

Palmer,  W.  F.,  Pvt.,  Co.  D,  1st  Replacement  Re^.,  Washington  Barracks,  D.  C. 
Parker,  Morris  B.,  Cons.  Min.  Engr.,  1541  Pomsettia  Place,  Hollywood, 

Los  Angeles,  Cal. 
Place,  Richard  G.,  Chief  Chem.,  The  Golden  Age  Min.  &  Reduction  Co., 

Jamestown  S.  R^  Boulder,  Colo. 

Pott,  John  N 611  So.  Third  St.,  Tacoma,  Wash. 

Proctor,  Israel  O 2740  State  St.,  Butte,  Mont. 

Qxteen,  Edward  L City  Transfer  Co.,  Douglas,  Ariz. 

Randall,    John Mogollon,     N.     M. 

Rathbun,  F.  D Arizona  Copper  Co.,  Metcalf,  Ariz. 

Rba,  Walter  C Braden  Copper  Co.,  Rancagua,  Chile. 

Reed,  William,  Lieut.,  M,  C,  R.  E.,  H.  Q.  SpeciaVCorps,  R.  E.,  Second  Army,  B.  E.  F. 
Rehfuss,  W.  C,  Ensign,  U.  S.  N.  R.  F.,  Naval  Provmg  Grounds,  Indian  Head,  Md. 

Reichel,   Dan Box   100,    Miami,   Ariz. 

Reid,  a.  Scott,  Lieut.,  Seaforth  Highlanders,  1st  Garrison  Battalion, 

The  Royal  Scotts,  Egyptian  E.  F. 

Rbnwick,  Charles  W 1226  N.  3d  Ave.,  BLnoxville,  Tenn. 

Roberts,  John  R Box  HI,  Cisco,  Texas. 

RoDOERs,   George  B.,  Principal  Asst.,  Engr.,  Air  Nitrates  Corpn., 

Agent  Ordnance  Dept.,  469  Fifth  Ave.,  New  York,  N.  Y. 

Ross,  Frank  A University  Club,  Spokane,  Wash. 

Rene  de  Sallier  du  Pin 202  Clinton  St.,  Watertown,  N.  Y. 

Salsich,  Lb  Roy Asst.  District  Mgr.,  Oliver  Iron  Min.  Co.,  Hibbing,  Minn. 

ScANLAN,  W.  L. .  .M.  A.  Hanna  &  Co.,  1300  Leader  News  Bldg.,  Cleveland,  Ohio. 

ScHiNDLBR,  Donald  F Co.  5,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Sears,  Stanley  C Capt.,  Engineers,  U.  S.  A.,  Camp  Humphreys,  Va. 

Seng,  Chan  Key Instructed  to  hold  all  mail. 

Shaybs,  Fred  P Lieut.,  Air  Service,  American  E.  F.,  Care  Postmaster,  N.  Y. 

Shoemaker,  George  M.,  Pres.  &  Gen'l  Mgr.,  The  Red  Dragon  Coal  Co.,  Corbin,  Ky. 

Shumway,  Ralph  W Chief  Engr.,   Wolf  Park  Coal  Co.,  Canon  City,  Colo. 

Simpson,  George  N.,  Gen'l  Mgr.,  Wood  Equipment  Co.,  1220  East  76th  St., 

Grand  Crossing,  Chicago,  111. 

Smart,  Ornan  B Tonopah  Belmont  Development  Co.,  Tonopah,  Nev. 

Smith,  Howard  D Cons.  Min.  Engr.,  60  Broadway,  New  York,  N.  Y. 

Stedman,  W.  A- The  Dorr  Co.,  Westport,  Conn. 

Steger,  Paul,  Care  Compania  de  Minerales  y  Metalcs,  S.  A.,  Santa  Eulalia, 

Chihuahua,  Mexico. 
Steindler,  Eugene  L.,  Gen'l  Mgr.,  Dominion  Reduction  Co.,  Ltd., 

42  Broadway,  New  York,  N.  Y. 

Steinem,  Chester 2d  Lieut.,  Heavy  (Coast)  Artillery,  Fort  Monroe,  Va. 

Stimpson,  C.  W.,  Mgr.,  Stimpson  Equipment  Co.,  318  Felt  Bldg., 

Salt  Lake  City,  Utah. 

Stuart,  C.  E Capt.,  Staff  College,  American  E.  F.,  Care  Postmaster,  N.  Y. 

StCtz,  Ernest Engineers  Club,  32  West  40th  St.,  New  York,  N.  Y. 

Sullivan,  Clarke Capt.,  Co.  A,  200th  Engineers,  Camp  Sheridan,  Ala. 

Suydam,  A:  G 406  Hobart  Bldg.,  San  Francisco,  Cal. 

Sweet,  B.  G St.  Louis  Smelt.  &  Refin.  Works,  St.  Francois,  Mo. 

Swift,  Ernest  Lee 505  Fairbanks  Ave.,  Oakland,  Cal. 

Teas,  Pierson 2d  Lieut.,  O.  M.  C.  S.,  Camp  Raritan,  Metuchen,  N.  J. 

Thayer,  Harry  S 1146  Pleasant  St.,  Boulder,  Colo. 

Thomas,  Edward  G 228  S.  Oxford  St.,  Los  Angeles,  Cal. 
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Thompson,  Edward  C,  Capt,,  Chemical  Warfare  Section,  Edgewood  Arsenal, 

Edgewood,   Md. 
Thompson,  Lester  S.,  Sgt.,  Co.  C,  2»th  Engineers,  American  E.  R, 

Care  Postmaster,  N.  Y. 

ToENGBs,  Albert  L Mines  Efficiency  Co.,  Duluth,  Minn. 

Tower,  Ray  E Care  Silver  Fissure  Min.  Co.,  Polaris,  Mont 

Tracy,  Clarence  A. 2727  Hobart  Ave.,  Los  Angeles,  Cal. 

Trauerman,  Carl  J 132  E.  Aluminum  St.,  Butte,  Mont. 

Treichler,  H.  E Engr.,  Gulf  Sulphur  Co.,  Matagorda,  Texas. 

Tuck,  Douglas Engrg.  Dept.,  United  Verde  Copper  Co.,  Jerome,  Arix. 

Tyler,  Nat,  Jr., Short  Hills,  N.  J. 

Vail,  Richard  H.,  Capt.,  Technical  Div.,  Chemical  Warfare  Service, 

American  E.  F.,  Care  Postmaster,  N.  Y. 
Valerius,  Herman  Pomeroy,  Civ.  A  Mech.  Engr., 

Brown  Hoistins  Machinery  Co.,  American  E.  F.,  France. 

Van  Law,  Carlos  W. Room  819,  55  Congress  St.,  Boston,  Mass. 

Varley,  Thomas U.  S.  Bureau  of  Mines,  Salt  Lake  City,  Utah. 

Watrous,    Mark   U Box   661,    Monte   Vista,  Colo. 

Way,  Karl  M Care  Bradway  Coal  Co.,  Center  Point,  Ind. 

Weed,  Robert  C,  Chicago  District  Ordnance  Office,  Inspection  Div., 

155  E.  Superior  St.,  Chicago,  Ui. 

Weeks,  L.  G C.  Q.  M.  (A),  U.  S.  N.,  Naval  Proving  Grounds,  Indian  Head,  Md. 

Wilkin.  Garratt  S 617  E.  South  Temple  St.,  Salt  Lnke  City,  Utah. 

Williams,  Charles  F.,  2d  Lieut.,  Co.  D,  30th  G»j3  Regiment,  American  R  ¥., 

Care  Postmaster,  N.  Y. 
Williams,  Fred  P.,  Supt.,  Carlota  Pyrite  Mine, 

Davison  Sulphur  &  Phosphate  Co.,  Cumanayagua,  Cuba. 

Wilson,  Elwood  J Montvale,  N.  J. 

Wilson,  Gordon,  Mill  A  CVanide  Supt.,  Fresnillo  Co.,  Fresmllo,  Zacatecas,  Mexico. 

Wilson,  Harry  R 32ci  Training  Battery,  F.  A.  C.  O.  T.  S.,  Camp  Taylor,  Ky. 

Witt,  Herbert  N U.  S.  N.  R  F.,  Officers  Material  School,  Mare  Island,  Cal. 

WoLVERTON,  F.  M.,  Act.  Corp.,  Measles  Quarantine  Camp  No  1,  Camp 

McArtnur,  Texas. 

Woods,  Clarence Instructed  to  hold  everything. 

Wright,  Ira  L. Box  308,  Silver  Citv,  New  Mexico. 

Young,    William    A. Kendall,    Mont. 

Young,  William  G 914  So.  Alvarado  St.,  Los  Angeles,  CaL 

Zimmerman,  S.  H.,  Candidate,  Army  Candidates  School,  Engineer  Section, 

A.  P.  O.  No.  714,  American  E.  F.,  France. 

Members'  Addresses  Wanted 

Name.  Last  address  of  Record  from  which  Mail  has  been  returned. 

Armstrong,  Clifton  T 347  Manhattan  Ave.,  New  York,  N.  Y. 

AsHMORE,  E.  P 504  Sherboume  St.,  Toronto,  Ont.,  Canada. 

Barnard,  C.  W. North  Chicago  Hospital.  2551  N.  Clark  St.,  Chicago,  111. 

Barnbtt,   William  J 8  Waterloo  Place,  Pall  Mall,  London  S.  W.,  Elngland. 

Bird,    Frank   H Butler   Hotel,   Seattle,   Wash. 

Blanch ard,    Ralph   C 3  Lombard   St.,   London,    England. 

Boas,  Ross  H Highland  Boy  Mine,  Bingham  Canyon,  Utah. 

Breeding,    F.    O Eden    Min.    Co.,    Bluefields,    Nicaragua. 

Brockmann,    Guillermo 120   Broad wi^,    New  York,  N.  Y. 

Brooke,  Lionel Minas  del  Tajo,  Rosario,  Sin.,  Mesdro. 

Browne,  Arthur  B Malleable  Iron  Fittings  Co.^  Branford,  Conn. 

Bryant,   George  W .\partado  86,   Guanajuato,   Gto.,  Mex. 

Byers,   Whbaton  B 50  Hampton  Hall,  Cambridge,  Mass. 

CoNovER,  M.  J Hotel  Bellevue,  San  Francisco,  Cal. 

Detbrt,   William   F Jackson,   Amador  Co.,  Cal. 

Ehlbrs,  L.  W 2137  St.  Louis  Ave.,  St.  Louis,  Mo. 

DeFaria,  C.  C,  Fiscal  das  Estradas,  Rua  Condo  do  Bomfim,  No.  46, 

Rio  de  Janeiro,  Braal 

Fielding,   Sir  Charles Belmont,   Faversham,  Kent,  England. 

Goldsmith.  Osher. KoUa,  Mo. 

Herr,  J.  Campbell. Box  556,  State  College,  Pa. 
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HovLAKD,  Henrt  B LoB  Angoles  Athletic  Club,  Los  Angeles,  Cal. 

Kat,  David  Nelson Ray  Cons.  Copper  Co.,  Hayden,  Aria. 

Kebnan,  Thomas  H.,  School  of  Mines  Experiment  8ta.,  Umv.  of  Minnesota, 

Minneapolis,  Minn. 

Kldgbscheid,  Walteb  p. 616  W.  113th  St.,  New  York,  N.  Y. 

KoNSBLMAK,    Albbrt    S Globc,  Arif . 

Mee,  Whttnet  P Apt.  14,  Binkley  Apts.,  El  Paso.  Texas. 

MoRBia,    John    M Rolla,  Mo. 

Nicholson,     Francis Chariotte    Court     House,    Va. 

Raleigh,  Joseph  R. Rossville,  via  Cooktown,  Queensland,  Australia. 

RoBEBTS,  Edward  J.,  Qen'l  Mgr.,  Nevada  Pyramind  Min.  Co., 

Riverside  Hotel,  Reno,  Nev. 

Ross,    Herbert   W. 314   Pacific    Ave.,    Piedmont,    Oakland,    CaL 

SniPsoN,    E^nneth    M , 57   Post   St.,    San   Francisco,    CaL 

SncKNBv  William  H 708  N.  Center  St.,  Reno,  Nev. 

Tag,  H.  T Rolla,  Mo. 

Taplin,  Thomas  J.,  Jr. 16  Lordship  Park,  London  N.  16,  England. 

ToNG,  SiNO  Kow 404  W.  116th  St.,  New  York,  N.  Y. 

Tbeat,  Llotd  B.,  Canadian  IngersoU-Rand  Co.,  Bank  of  Toronto  Bldg., 

Montreal,  Canada. 

VanRensselaer,  Akthvb  M 119  E.  Slst  St.,  New  York,  N.  Y. 

Wong,  S.  C Care  School  of  Mines,  Butte,  Mont. 

Wong,    Yin    Charles Rolla,    Mo. 

Woo,  W.  K M  70  Sing  Kong  Li,  Minghong  Road,  Shanghai,  China. 


Necrology 

(See  also  "Died  in  SerTioe*') 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  month  Sept.  10,  1918,  to  Oct.  10,  1918. 

Date  of 

Flection.  Name.  Date   of   Death. 

1917  Ballamy,  John  H Aug.     9,  1918. 

1891  Buhl,  Frank  H June  17,  1918. 

1876  Kent,  William Sept.  18,  1918. 

1912  McLeod,  Howard  D Aug.     6,  1918. 

1902  Moffat,  John June  28,  1918. 

Candidates  for  Membership 

Application  for  Membership.  — The  Institute  desires  to  extend  its  privileges  to 
eveiy  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  apractice  of  glanc- 
ing through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Member- 
ship, or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 

Applications  Lacking  Endorsement 

Applications  for  membership  have  been  received  from  Mr.  Braecke 
and  Mr.  Wilkie,  whose  records  are  given  below.  These  applications 
lack  the  necessary  number  of  endorsers,  but  since  these  candidates 
live  at  some  distance  from  the  headquarters  of  the  Institute,  their  rec- 
ords are  published  here  in  order  that  any  members  who  are  acquainted 
with  them  may  be  advised  of  the  circumstances  and  may  have  an  oppor- 
tunity of  writing  to  the  Secretary  endorsing  these  candidates. 
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Members 

Gustave  Braecke,  La  Carolina,  Spain. 

Proposed  by  A.  DeDeken. 

Bom  1860,  Nieuport,  Belgium.  1886,  Grad.,  School  of  Mines,  li^ge,  Beloum, 
M.  E.  and  Engr.  of  Arts  and  Manufactures.  1887-91,  Ore-dressing  Dept.,  Hum- 
boldt Engng.  Works,  Kalk,  Germany .  1891-1901,  Prospecting,  Northern  Transvaal; 
Mgr.,   Molyneux  mines,   Witwatersrand,  Transvaal.     1901-5&3,   Mgr.,   Gwendoline 

gold  mine,  Korea.  1903-06,  Mgr.,  Mina  San  Vicente,  Soci^t^  La  Nouvelle  Montague, 
pain.  1906-07,  Prospecting  for  zinc,  Djendli  mine,  Arzelia.  1907-11,  Mgr.,  OUin 
mines,  North  Spain.  1911-13,  Reporting  in  Spain  for  Soci6t6  d'Etudes  Mini^re, 
Brussels.  1914-18,  Mgr.,  Lead  mines,  Curaa  and  Soldado,  and  Technical  Mgr. 
New  Cerdenillo,  silver-lead  mines,  La  Carolina,  Spain. 

Present  position:  Mgr.,  Soci6t4  Curas  et' Soldado  de  Carolina. 

Donald  Cook  Wilkie,  Serembau,  Federated  Malay  States. 

Proposed  by 

Bom  1879,  Dundee,  Scotland.  Brothers'  school,  Penang,  Straits  Settlements; 
Baptists'  School,  Rangoon,  Burmah ;  Donaldson's  School,  Dundee,  Scotland;  1890- 
92,  Wallacetown  School,  Dundee,  Scotland.  1892-98,  Mechanical  and  electrical 
construction  and  repair  work;  engr.  experience;  draftitig  room;  shop  at  sea,  Ross  k 
Wilkie,  Scotland.  1898-99,  Asst.  Engr.,  China  Borneo  Co.,  Ltd.,  Sandakan,  B.  N., 
Bomeo.  1901-03,  Salvage  Depot.,  Tangon^  Pagar  Dock  Co.,  Ltd.,  Singapore.  1903- 
10,  Engr.,  Pyritical  Ore  Installation,  Sungei  Besi  recovery  of  tin  stone  from  arsenical 
and  sulphurous  ores.  The  Straits  Trading  Co.,  Ltd.,  Sungei  Besi,  Malay  States. 

Present  position — 1910  to  date:  Supt.  Engr.,  Linggi  Plantations  Ltd. 

The  following  persons  have  been  proposed  during  the  period  Sept.  10, 
1918,  to  Oct.  10,  1918,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates, 
from  whonx  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  period  (vg^rying  in  the  discretion  of  the  Committee,  accord- 
ing to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend* 
action  of  the  Board  of  Directors,  which  has  the  power  of  final  election. 


Members 

C.  W.  Ankemy,  Colorado  Springs,  Colo. 

Proposed  by  A.  S.  Blomfield,  Charles  E.  Van  Bameveld,  L.  S.  Hamer. 

Bom  1882,  Iowa.  1902,  High  School.  Colo.  190a-08,  Min.,  ore  crushing, 
amalgamating  and  cyaniding,  Liberty  Bell  Gold  Min.  Co.  1908-18,  Grinding, 
amalgamation,  classification,  sUme  settling  and  cyaniding.  Golden  Cycle  Min.  a 
Reduction  Co. 

Present  position:  Foreman,  fine  grinding,  amalgamation,  cyaniding.  Golden 
Cycle  Min.  &  Reduction  Co. 

William  Bangser,  Bethlehem,  Pa. 

Proposed  by  K.  M.  Bird,  Albert  P.  Spooner.  W.  R.  Shimer. 

Bom  1889,  Liban,  Russia.  1908-13,  Columbia  Univ.,  M.  E.  1913-16,  Asst, 
Supt.  of  Treatment;  1915-1916,  Supt.  of  Treatment,  Bethlehem,  Steel  Co. 

Present  position — 1916  to  date:  Asst.  Supt.,  Treatment  Dept.,  Bethlehem,  Pa. 

Elvin  Edwards  Boon,  Edgewood  Park,  Pa. 

Proposed  by  Graham  Bright,  G.  B.  Rosenblatt,  J.  H.  PajTie. 

Bom  1890,  Chrisman,  111.  1911,  Grad.,  Univ.  of  Illinois,  B.  S.  and  E.  E.  1911- 
12,  Apprentice  and  Tester;  1913-15,  Correspondent  Min.  Sec;  1915-17,  Commercial 
Engr.,  Metal  Min.,  Westinghouse  Electric  &  Mfg.  Co. 

Present  position  —1917  to  date:  Acting  Mgr.  and  Min.  Sec,  Industrial  Sales 
Dept.,  Westmghouse  Electric  &  Mfg.  Co. 
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GtOTaniii  Bruscantiiil,  Santiago  de  Cuba. 

Proposed  by  Walter  Harvey  Weed,  F.  D.  Paluchi,  Benjamin  B.  Lawrence. 

Bom  1880,  Montecosaro,  Italy.  1893-97,  Industrial  Inst,  of  Fermo,  Italy. 
1900-05  and  10,  Orad.,  Li6p;e  Univ.,  Belgium,  E.  M.  1905-10,  Prof,  of  Hydraulics 
and  Pilectricity,  Glons  (Belgian)  Politecnic  Inst.  1911-12,  Mgr.,  Compagnie  Minidre 
et  M^tallurgique  de  la  haute  ItaUe,  Verres,  Italy.  1913-14,  Mgr.,  Cumaragua 
copper  mine,  Venezuela.  1915,  at  home  in  Italy.  1915-17,  Cons.  Engr.,  Havana, 
Cuba. 

Present  position — 1917  to  date:  Mgr.,  Sindicato  Minero  de  Cuba. 

Frank  Buttram,  Oklahoma  Citv,  Okla. 

Proposed  by  Irving  Perrine,  Charles  N.  Gould,  C.  W.  Shannon. 

Bom  1886,  Marietta,  Okla.  1910,  Grad.,  Univ.  of  Oklahoma,  A.  B.  1910-12, 
Grad.  Student,  Univ.  of  Oklahoma.  A.  M.  '  1910-13,  Chem.  and  Field  GeoL,  Oklahoma 
Geological  Survey.  Author  of  ''Glass  Sands  of  Oklahoma,"  ''Volcanic  Ajsh  in  Okla- 
homa," "Gushing  Oil  Field,  Oklahoma,"  Survey  Bidletin. 

Present  position — 1913  to  date:  Geol.,  Fortuna  Oil  Co. 

Louis  Francis  Clark,  Chile,  S.  A. 

Proposed  by  Albert  A.  Hoffman,  Ira  L.  Greninger,  Louis  R.  Wallace. 

Bom  1891.  Lowell,  Mich.  1914,  Grad.,  Colorado  School  of  Mines,  E.  M.  1912 
(Summer),  Mine  surveying  and  mapping.  Michigan  Gypsimi  Co.,  Urand  Rapids, 
Mich.  1914,  Diamond  drill  helper;  classifier  man,  cjranide  mill,  Hedley  Gold  Min. 
Co.,  Hedley,  B.  C,  Canada.  1914-15,  Junior  Mm.  Engr.,  I'.  S.  Civil  Service, 
Bureau  of  Mines,  Pittsburgh,  Pa.  1915,  Supervisor,  rectincation  of  holder  oils, 
Deep  Water  plant,  E.  I.  Dupont  de  Nemours  Co.,  Deep  Water,  N.  J.  1915-16, 
Chem.,  Smokeless  Powder  Dept.,  Experimental  Station,  Du  Pont  Co.,  Wilmington, 
Del 

Present  position — 1916  to  date:  Chem.,  Andes  Copper  Min.  Co.,  PotreriUos. 

Reid  Burchfleld  Cochran,  Aire  Libre.  Puebla,  Mex. 

Proposed  by  Edward  L.  IHifourcq,  Adolph  Martinez,  D.  C.  Brown. 

Born  1880,  Cadiz,  Ohio.  Cadiz  PubUc  Schools.  1899,  Grad.,  Cadiz  High  S<4iool. 
1899-1901.  Franklin  College.  New  Athens,  Ohio.  1901-05,  Case  School  of  Applied 
Science,  Cleveland,  Ohio,  B.  S.  and  E.  M.  1905,  Engr.  Corp.,  Cleveland  &  Pittsburgh 
Division  of  Pennsylvania  R.  R.  1905-09,  Surveyor  and  Assay er,  Compafiia  Met- 
alurgica  Mexicana,  Sierra  Mojada,  Coahuila  unit.  1908-09,  Mine  Foreman,  Compafiia 
Metalurgica,  San  Pedro,  San  Luis  Potosi  unit.  1909-12,  Mgr.,  Compafiia  Minera 
el  Barreno  y  Annexas,  S.  A..  San  Pedro,  S.  L.  P.,  Mex.  1913,  Asst.  Supt.,  Santa 
Gertrudis  mine,  Pachuca,  Hidalgo,  Mex.     1914-17,  Examining  Engr.,  unattached. 

Present  position — 1917  to  date:  Mine  Supt.,  The  Tezuitlan  Copper  Co. 

Thomas  Cooper  Connar,  Zanesville,  Ohio. 

Proposed  by  Sanford  B.  Belden,  S.  A.  Taylor,  F.  A.  Ray. 

Born  1845,  New  Concord,  Ohio.  1867,  Grad.,  Muskingum  College,  A.  B.;  1871. 
A.  M.  186^1872,  Asst.  Engr.  for  I^ouis  Nickerson,  St.  Louis,  Mo.  1872,  Civil 
Engrs.,  Cruse  Park  &  Co.,  Texas.  1875-80,  Surveys  and  contracting,  Ohio.  1880-84, 
Engr.  on  constr.,  Muskingum  County  Ry.  1884-86,  Various  surveys  and  geol.  work 
for  oil  and  coal.  1886-88,  Res.  Engr.,  Constr.,  Kilbuck  branch  of  the  C.  A.  &  C.  Ry. 
1888.  County  Surveyor,  Muskingum  County,  Ohio.  1896,  Min.  Engr.,  McKinney 
&  Huggins,  Ohio.  1900,  Cons.  Engr.,  H.  C.  &  I.  Co.,  Cleveland,  Ohio.  1904, 
Min.  Sagr.,  Tropic  Min.  Co. 

Present  position:  Chief  Engr.,  Zanesville  Coal  Co.,  Tropic  Min.  Co.  and  Standard 
Hocking  Coal  Co. 

Walter  Grey  Crichton,  Charleston,  W.  Va. 

Proposed  by  J.  S.  Cheyrey,  D.  M.  Stackhouse.  Andrew  B.  Crichton. 
Bora    1888,    Phillipsburg,  Pa.     1908-10,  West  Virginia  Univ.     1911-16,   Min. 
Engr.,  Blue  Creek  Coal  &  Land  Co.,  Charleston^  W.  Va. 

Present  position — 1916  to  date:  Private  minmg  engineering. 

Edwin  Oliver  Daue,  Easton,  Pa. 

Proposed  bv  A.  MacDonald,  R.  B.  Eldredge,  Horace  F.  Lunt. 

Bom  1879,  Woodland,  Wis.  1888-95,  Public  Schools,  Milwaukee.  Wis.  1805-98, 
High  School,  Milwaukee,  Wis.  1900-03,  Grad.,  Michigr.n  College  of  Mines, 
Houghton,  Mich.,  B.  S.  and  M.  E.  1903,  Draughtsman,  Philip  Argall,  Denver, 
Colo.     1903-04,  Engr.,  Assayer  and  Mine  Foreman,  La  Leonesa  Min.  Co.,  Matagalpa, 


xlvi  Monthly  Bulletin  No.  143,  November,  1918 

Nicaragua.  1905,  Engr.  of  Constr.,  Mountain  Copper  Co^  Ltd.,  Martinez,  Cal.; 
Engr.,  Imperial  Ck>pper  Ck>.,  Silverbell,  Ariz.  .  1905-07,  Ekgr.,  Minas  Dolores  r 
Anexas,  Matehuala,  S.  L.  P.,  Mexico.  1907-08,  Supt.,  Reforma  Min.  and  Mill. 
Co.,  Campa  Moraaa,  Gto.,  Mexico.  1908-09,  Mgr.,  Cia.  Minera  la  Quimica  y 
Anexas,  Toluca,  Mexico.  1909-12,  Mine  Mgr.,  Fiduciary  Co.,  Chicago,  Dl.  1912-13, 
Cons,  practice,  Chicago.  1913-15,  Field  Engr.,  Mines  Co.  of  America;  Mgr..  Dolores 
Mines  Co.,  Chihuahua,  Mexico.  1915-16,  Cons,  practice,  Los  Angeles,  CaL  1917, 
Gen'l  Supt.,  Primos  Min.  and  Mill.  Co.  and  Primos  Chemical  Co.,  Lakewood,  Colo. 
1918,  Mul  and  Cyanide  Supt.;  cons,  practice;  Tough-Oakes  Gold  Mines,  Ltd.,  Ont, 
Canada. 

Present  position:  Capt.,  Engrs.  Corps,  U.  S.  A. 

Sumner  Ford  Baton,  Colombia^  S.  A. 

Proposed  by  H.  A.  Guess,  Wilham  F.  Ward,  C.  J.  London. 

Bom  1884,  Watertown,  Wis.  Central  High  School,  Minneapolis,  Minn.  1  yr. 
Univ.  of  Minn.  1902-04,  Underground  work,  various  Western  mines.  1904-06, 
Shift  Boss,  Contr.,  general  underground  work  and  shaft  sinking.  Old  Mexico.  1907- 
08,  Shift  Boss,  Eureka  mine.  Globe,  Ariz.  1909-10,  Prospecting.  1911-12,  At 
Home,  Tacoma,  Wash.,  other  business.  1912-14,  Contr.,  Britannia  Min.  A  Smell 
Co.,  Britannia  Beach,  B.  C.  1914-17,  Mine  Foreman,  Vantrent  Min.  Co.,  Dairy 
Farm  mine,  Vantrent,  Cal. 

Present  position — 1917  to  date:  Supt.,  Guamoco  Min.  Co. 

Shinzo  Endo,  Tokyo,  Japan. 

Proposed  by  S.  Yamanouchi,  H.  W.  Hardinse,  A.  E.  Blackwood. 

Bom  1866,  Sendai,  Japan.  1890,  Grad.,  Collie  of  Ekigineerins,  Tokyo  Imperi«l 
Univ.  1890-5,  Chem.,  sulphuric  acid  and  alkali  works,  owned  by  The  Japanese 
Imperial  Household. 

Present  position — 1895  to  date:  Supt.,  The  Kanto  Sanso  Kabushiki  Kaisfaa 
(The  Eastern  Acid  and  Alkali  Co.,  Ltd.),  Oji,  Japan. 

Horace  Reynolds  Graham,  Chile,  S.  A. 

Proposed  by  Pope  Yeatman,  Reno  H.  Sales,  J.  F.  Kemp,  Fred  Hellman. 

Bom  1886,  New  York,  N.  Y.  Grad.,  Horace  Mann  School.  1908,  Columbia 
Univ.  School  of  Mines,  E.  M.  1907,  Mucker,  Timberman's  Helper,  etc..  Vindicator 
mine.  Cripple  Creek,  Colo.  1908,  Fireman,  Scaleman,  sampler  roasters:  Millmao, 
Callow  tanKS,  Wilfley  tables,  vanners;  1908-09,  Construction  Engr.,  Hyaro-electric 
plant;  1909-10,  Operator,  Hydro-electric  plant,  construction  work,  mill  erection,  re- 
verberatory  furnace,  blowing  engine,  draftmg,  office  mapping,  test  work,  part  inventor 
Watterson  screen,  experimental  mill  work;  Foreman,  sampling  mill,  mme  examina- 
tion, Nevada  Consolidated  Copper  Co.  1910-11,  Construction  Ensr.;  1911-15, 
Surveyor,  Surface  Boss,  Shift  Boss,  Foreman,  Asst.  Supt.,  General  UndcTground 
Foreman;  1915-16.  Acting  Mine  Supt.;  1916-18,  Mine  Supt.,  Braden  Copper  Co., 
Rancagua,  Chile,  S.  A. 

Present  position:  General  Min.  Supt.  and  Welfare  Mgr.,  Braden  Copper  Co. 

William  Griffiths,  Anyox,  B.  C,  Canada. 

Proposed  by  A.  J.  Bone,  John  T.  Dillon,  William  J.  Hamilton. 

Bom  1884,  Gorleston.  1899,  Grad.,  Day  Street  British  School,  Hull,  England. 
1910-11,  Sampling  in  concentrator,  Anaconda  Copper  Min.  Co.,  Great  Falls,  Mont. 
1911-14,  Sampling  on  converter  floor.  Anaconda  Copper  Min.  Co.,  Great  Falb, 
Mont.:  Skimming  12-ft.  basic-lined  converters. 

Present  position — 1914  to  date:  Smelter  Statistician. 

Walter  Elbridge  Hadley,  Gary,  Ind. 

Proposed  by  Kichard  S.  McCaffery,  W.  J.  Mead,  W.  O.  Hotchkiss. 

Bom  1882,  Cambridge,  Mass.  1904,  Mass.  Institute  of  Tech.,  S.  B.  1904-05, 
Draftsman;  1905-06,  Chemist;  1906-10,  Asst.  Supt.,  Blast  Fumace,  National  Tube 
Co.,  McKeesport,  Pa.  1910-16,  Asst.  Supt.  and  Supt.,  Blast  Furnace,  Tenn.  Coal, 
Iron  &  R.  R.  Co.     1916-18,  Pres.,  Trojan  Electric  Steel  Co.,  Chicago,  111. 

Present  position:  Asst.  Gen'l  Supt.,  Gary  Works,  Illinois  St«el  Co. 

Grant  Holmes,  Danville,  111. 

Proposed  by  Samuel  A,  Taylor.  W.  W.  Keefer,  Julius  W.  Hegeler. 

Bom  1865,  Galion,  Ohio.  Gen'l  education.  1880-84,  Apprentice  as  mach.. 
Huber  Mfg.  Co.,  Marion,  Ohio.  1884-93,  Foreman  and  Asst.  Supt.,  Marion  Steam 
Shovel  Co.,  Marion,  Ohio.     1893-1910,  Mach.  business,  Robert  Holmes  &  Brother- 


. 
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Danville,  111.  1910,  Helped  develop  coal  stripping  shovels  and  methods  of  operation ; 
Dir.,  following  coal  companies:  Beach  Flats  Co.,  Brush  Run.  Ohio;  Two  Rivers, 
Carbon  Hill  Co.,  Danville,  111.;  Kehota  Min.  Co.,  Pittsburgh,  Fa. 

Present  position — 1910  to  date:  Pres.,  Robert  Hohnes  &  Bro.,  Inc. 

Caleb  Lee  Home,  Muscle  Shoals,  Ala. 

Proposed  by  R.  E.  Rightmire,  Frank  Haas,  N.  H.  Emmons  2d. 

Bom  1888,  Gold  Rock,  N.  C.  1906,  Grammer  School.  1906-09,  Davidson 
College.  1909-10,  Grad.,  Randolph  Macon  College,  B.  S.  1910-13,  Motive  Power 
Division,  Atlantic  Coast  Line  R.  R.  1913-17,  Engr.  of  Tests,  Stonega  Coke  & 
Coal  Co.,  Big  Stone  Gap,  Va. 

Present  position — 1917  to  date:  Combustion  Engr.,  Air  Nitrates  Corpn. 

Arthur  Hungelmann,  Gary,  Ind. 

Proposed  by  Richard  S.  McCaflfery,  W.  J.  Mead,  W.  O.  Hotchkiss. 

Bom  1880,  Columbus,  Ohio.  1902,  Grad.,  Ohio  State  Univ.,  B.  S.  1902-03, 
Analyst,  Carnegie  Steel  Co.,  Duquesne,  Pa.  1903,  Analyst,  Clairton  Steel  Co., 
Clairton,  Pa.  1903-04,  Asst.  Chem.,  Sloss  Sheffield  Iron  &  Steel  Co.,  Birmingham, 
Ala.  1904-06,  Office  of  Cleveland  Car  Service,  Cleveland,  Ohio.  1906,  Asst. 
Chem.;  1906-11,  Chief  Chem.,  Camesie  Steel  Co.,  Columbus,  Ohio. 

Present  position — 1911  to  date:  Chief  Met.,  Uunois  Steel  Co. 

James  Edward  McGuire,  Washington,  D.  C. 

Proposed  by  A.  W.  Stockett,  Harvey  S.  Mudd,  Alfred  G.  White. 

Bom  1873,  Grass  Valley,  Cal.  1881-92,  Public  Schools,  Cal.  1894^98,  Univ.  of 
California.  1898,  Grad.  Univ.  of  California.  B.  S.  1899-1901,  Material  Clerk  and 
Instrument  Man;  1901-02,  Instrument  Man,  Santa Fe  R.  R.  1902,  Sampler;  1902-03, 
Surveyor;  1903,  Shift  Boss;  1903-04,  Mine  Foreman;  1904,  Underm)und  Mgr., 
Witwatersrand  Deep  gold  mine,  Johannesburg,  Trans.  1904-05,  Acting  Mgr.,  Knight 
Central  mine.  1905-06,  Underground  Mgr.,  Witwatersrand  Deep  Gold  Min.  Co., 
Johannesburg.  1907-09,  Mine  Foreman  and  Underground  Mgr.,  Simmer  Deep, 
Johannesburg.  1909,  Mgr.,  Jupiter  Gold  Min..  Johannesburg.  1909-11,  Min.  En^r., 
S.  Neuman  &  Co.,  Rhodesia.  1912,  Diamond  digging.  1912-17,  Mgr.  of  followmg 
gold  mines,  Johannesburg,  Transvaal,  S.  Africa:  Simmer  Deep,  Robinson  Deep, 
Jupiter,  Witwatersrand  Deep. 

Present  position — 1917  to  date:  Min.  Engr.,  Bureau  of  Mines. 

M.  D.  Mcintosh,  Spokane,  Wash. 

Proposed  by  L.  K  Armstrong,  J.   McD.  Porter,  C.  Wolfle. 

Bom  1867,  Mt.  Uniacke,  N.  S.,  High  School,  N.  S.  and  U.  S.  1885-92,  Miner, 
Black  Hills,  S.  D.  1893-1901.  Shift  Boss  and  Foreman.  Golden  Reward  Min.  Co., 
Deadwood,  S.  D.  1901-05,  Shift  Boss,  Le  Roi  Min.  Co.,  No.  2,  Rossland,  B.  C. 
1906-08,  Mine  Supt.,  British  Columbia  Copper  Co.,  Greenwood,  B.  C.  1909-11, 
Min.  for  self,  British  Columbia  and  U.  S. 

Present  position — 1911  to  date:  Mine  Supt.,  United  Copper  Min.  Co. 

Henry  Sinclair  McEa^,  Cananea,  Son.,  Mexico. 
Proposed  by  L.  D.  Ricketts,  W.  B.  Gohring,  John  A.  Rice. 
Bom  1878,  Quyon,  Canada.    1905,  Grad.,  Univ.  of  Minnesota,  E.  M.     1905-07, 
Engr.,  Calumet  &  Arizona  Min.  Co.,  Bisbee,  Ariz. 

Present  position — 1907  to  date:  Supt.,  Democrata,  Cananea,  Sonora  Copper  Co. 

William  Caperton  McNutt,  Elk  City,  Idaho. 

Proposed  by  L.  K.  Arm8trong_,  J.  McD.  Porter,  Francis  A.  Thomson. 

Bom  1862,  Paint  Bank,  Va.  '  1881-82,  Axman  to  Transitman,  N.  Y.  C.  &  St.  L. 
R.  R.  1883,  Transitman,  B.  R.  &  P.,  Pa.  1884,  Preliminary  survey,  LaCrosse  Iowa 
&  Southwestern,  Mo.  and  la.  1885-87,  Asst.  Engr.,  constr.  and  water  supply,  Chicago 
Burlington  R.  R.  1888^92,  Asst.  Engf.,  constr.,  charge  of  locating  parties.  1892- 
97,  Mm.  and  prospecting  in  Ida.  1898-9,  Foreman,  Eureka  &  Pacific  Placer  Co.. 
Pierce  Dist.,  Ida.  1900,  Supt.,  Gold  Creek  Min.  Co.,  Pierce  Dist.  1901,  Miner  ana 
Engr.,  Finch  &  Campbell,  Blue  Jacket  mine,  Ida.  1902-05,  County  Surveyor.  1902- 
08,  Engr.  Office,  Grangeville,  Ida.  1908,  Cons.  Engr.,  Graham-Koss  Co.  operating 
Anaconda  mine,  Newsome  Dist.  1909-10,  Engr.  and  Supt.,  Golden  Scale  Placer 
Co.,  Elk  City  Dist.  1911-14,  Developing  personal  property.  1914-16,  Cons.  Engr., 
Black  Pine  Min.  Co. 

Present  position — 1916  to  date:  Gen'l  Engr.  Office. 
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John  Alexander  MacCuUoch,  Platteville,  Wis. 

Froposed  by  Ralph  E.  Davis,  R.  J.  St.  Germain,  W.  N.  Smith. 

Bom  1878,  Northfield,  Minn.  1901,  Grad.,  Carleton  College,  Northfield. 
Minn.,  B.  S.  1907,  Grad.,  Univ.  of  Wisconsin.  1906-07,  Exploration  work  and 
prospecting,  Cobalt  Re^on.  Canada,  for  C.  K.  Leith,  Univ.  of  Wisconsin,  Madison, 
Wis.     1908-18,  Zinc  Mm.-Operating  Force,  Vin^ar  Hill  Zinc  Co.,  Platteville,  Wis. 

Present  position:  Genl  Supt.,  Vinegar  Hill  Zinc  Co. 

Clement  Harold  Mace,  Denver,  Colo. 

Proposed  by  James  M.  McClave,  Georee  E.  Collins,  Frank  Bulkley. 

Born  1882,  Dunlap,  la.  1906,  Grad.,  Umv.  of  California,  B.  S.  1906-08,  Explora- 
tion Engr.,  Tonopah  Syndicate,  Tonopah,  Nev.  1909,  Mine  Supt.,  Pioneer  Starlight 
Dev.'Co.,  Pioneer,  Nev.  1910,  Engr.  Colorado  River  Hydro-electric  Co.;  Assayer, 
Surveyor,  Mary  Murphy  Gold  Min.  Co.,  Romley,  Colo.  1911-12,  Field  Engr.,  Uni- 
versal Smelt.  &  Refm.  Co.,  Denver,  Colo.  1912,  Surveyor,  Arizona  Copper  Co., 
Morenci,  Ariz.  1913,  Smelter  Supt.,  North  Carolina  Partridge  Smelt.  Co.,  Charlotte, 
N.  C.  1914-15,  Smelter  Supt.,  Thornton  Lead  &  Steel  Corpn.,  Charlotte,  N.  C. 
1915-16,  Genl  Supt.,  Vulcan  Mines  &  Smelter  Co..  Vulcan,  (Jolo. 

Present  position — 1916  to  date:  Mgr.,  Technical  Dept.,  Business  Men's  Clearing 
House. 

Albert  George  Noellat,  Victoria,  Australia. 

Proposed  by  Robert  Sticht,  Robert  P.  Roberts^  Charles  E.  Coote. 

Bom  1889,  Noumea,  New  Caledonia.  1906,  Matriculated  in  Science,  La  Per- 
house  College,  Noumea.  1912,  Technical  College,  Sydney,  N.  S.  W.,  diploma  of  M.  E. 
1912-14^  Asst.  in  ore  and  metal  buying  dept.,  W.  and  J.  Lempriere.  1914,  Investi- 
gating mckel  and  copper  prospects,  later  Engr.,  New  Caledonia.  1915-16,  Member  of 
Assaying  Laboratory  staff,  McLyell  Min.  &  Ry.  Corpn.,  Tasmania.  1917,  Experi- 
mentin^,on  separation  of  minerals  in  complete  concentrates  by  leaching,  flotation  and 
magnetic  separation. 

Present  position — 1917  to  date:  Experimenting  Met.,  O.  T.  Lempriere  &  Co. 

Jos6  de  Paiva  Oliveira,  Minas  Geraes,  Brazil. 

Proposed  by  John  C.  Branner,  Horace  E.  Williams,  Jorge  Belmiro  de  Aroujo  Ferraz, 

Born  1885,  Itu,  Estado  S.  Paulo,  Brazil.  Mackenzie  College,  S.  Paulo,  Brazil. 
Private  tuition,  London.  1909-13,  Royal  School  of  Mines  Diploma,  A.  R.  S.  M., 
London.  Imperial  College  of  Science  &  Technology  Diploma  (D.  I.  C.)  London. 
1913-14,  Cons.  Min.  Engr.,  Rio  de  Janeiro,  Brazil.  Appointed  Professor  of  Geol., 
MineraloKV^  and  Chem.,  ^cola  Superior  de  Agricultura,  Feaeral  Government  of  Brazil. 
1915-18,  Cons.  Min.  Engr.;  Owner  Zirconia  mines,  Caldas  and  Cascata  dist.,  Brazil, 
Mining  Correspondent,  Bewick.  Moreing  &  Co.,  London;  Ridge,  Beedle  &  Co.,  Glas- 
gow, Scotland  and  Byington  ^  Co.,  S.  Paulo  and  New  York;  St.,  Institute  Min. 
&  Metallurgy,  London. 

Present  position:  Owner  and  Mgr.,  Zirconia  and  Manganese  Mines,  Brazil. 

Frank  Keehn  Ovitz,  Seattle,  Wash. 

Proposed  by  E.  A.  Holbrook,  H.  H.  Stock,  C.  M.  Young. 

Born  1882,  Mineral  Point,  Wis.  Mineral  Point  High  School.  1901-05,  Grad., 
Univ.  of  Michigan,  B.  S.  1905-06,  Instr.  in  Chem.;  1906-07,  Chem.  for  Engrg.  Ex- 
periment Station,  Univ.  of  Illinois,  1907-14,  Asst.  Chem,,  research  on  fuels^  U.  S. 
Bureau  of  Mines,  Pittsburgh,  Pa.  1914-17,  Mfg.  of  coke  and  gas  from  Illinois  coal, 
U.  S.  Bureau  of  Mines,  Urbana,  111.  1917-18,  Fuel  Engr.,  U.  S.  Bureau  of  Mines, 
Washington,  D.  C. 

Present  position:  Supt.,  Northwest  Station,  Bureau  of  Mines. 

Bhupendra  nath  Ray,  Behar,  India. 

Proposed  by  G.  H.  Clevenger,  W.  W.  Case.  Jr.,  H.  W.  Young. 

Bom  1889,  Calcutta.  1905-11,  Univ.  of  Calcutta,  B.  S.  1911-12,  Univ.  of  Cali- 
fornia. 1913-14,  Leland  Stanford  Junior  Univ.,  M.  A.  1912-14,  Joint  author  with 
G.  H.  Clevenger,  paper  entitled  *'  The  Influence  of  Copper  upon  the  Physical  Prop- 
erties of  Steel."     1917-18,  Asst.  Mgr.,  Damoderpore  Collienr,  Bengal  Coal  Co.,  Ltd. 

Present  position:  Asst.  Mgr.,  Chapui  Colliery,  Messrs.  H.  V.  Low  &  Co. 

Ralph  Webster  Richards,  Washington,  D.  C. 

Proposed  by  A.  F.  Lucas.  David  White,  George  Otis  Smith. 

Born  1879,  Waterville,  Me.  1901,  Colby  College,  A.  B.  1902,  Tufts  College, 
M.  A.  1907-13,  U.  S.  Geol.  Survey.  1913-15,  S.  Pearson  &  Son,  Ltd.  1915-16, 
Associated  Geol.  Engrs. 

Present  position — 1916  to  date:  Geol.,  Petroleum  Exploration  Inc. 
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William  Alexander  Schlesinger,  Denver,  Colo. 

Proposed  by  Karl  L.  Kithil,  H.  L.  Brown,  W.  P.  Gary. 

Bom  1886,  New  York,  N.  Y.  1907-08,  School  of  Mines.  Freiberg,  Saxony. 
1908-10,  Univ.  of  Karlsruhe.  1910-12,  Univ.  of  Heidelberg,  Ph.  D.  1913.  Chem., 
Standard  Chemical  Co.,  Pittsburgh,  ra.  1913-14,  Director,  W.  H.  Schlesinger 
Laboratory,  New  York  and  Princeton. 

Present  position — 1914  to  date:  Vice-pres.  and  Tech.  Director,  Schlesinger 
Radium  Co. 

Alexander  Silverman,  Pittsburgh,  Pa. 

Proposed  by  Fred  L.  Wolf,  L.  W.  Olson,  M.  E.  Wadsworth,  S.  L.  Goodale. 

Bom  1881,  Pittsburgh,  Pa.  1902.  Univ.  of  Pittsburgh,  Ph.  B.;  1907,  M.  S. 
1905,  Cornell  Univ.,  A.  B.  1902-04,  Chem.,  Macbeth-Evans  Gla.«  Co..  Pittsburgh. 
1905-09.  Instr.  in  Chem.;  1909-12.  Asst.  Prof.;  1912,  Prof.;  1913-14,  Acting  Dir., 
Dept.  ot  Chem.,  Univ.  of/ Pittsburgh. 

Present  position — 1914  to  date:  Active  Head,  School  of  Chem.,  Univ.  of 
Pittsburgh. 

Oliver  Smalley,  Northumberland,  England. 

Proposed  by  J.  E.  Stead,  R.  A.  Hadfield,  William  Jones. 

Bom  1889,  Chesterfield,  England.  Grad.,  Chesterfield  Grammer  School,  Sheffield 
University  and  Bradford  Technical  College  with  diplomas.  1906-11,  Asst.  Chem.; 
1911-13.  Ch.  Asst.  Chem.,  research  laboratory,  Cammell  Laird  &  Co.,  Ltd.,  Sheffield, 
England.  1913r-14,  Ch.  Met.  and  Chem.,  W.  Scott  Engineering  Co.,  Ltd.,  Bradford, 
England. 

Present  position — 1914  to  date:  Chief  Met.,  U.  S.  Research  Laboratories. 

George  A.  Stahl,  Denver,  Colo. 

Proposed  by  Louis  S.  Noble,  J.  C.  Roberts,  Nelson  Franklin. 

Bom  1870,  Lockport,  N.  Y.  1888,  Grad.,  E.  Denver  Hi^h  School.  1888-1900, 
Banking  in  Denver.  1900-01,  Asst.  SecV,  Union  Gold  Extraction  Co.,  Florence,  Colo. 
1901-18,  Asst.  Sec'y,  now  SiBc'y,  and  Gen'l  Mgr.,  Vindicator  Cons.  Gold  Min.  Co. 
Denver,  Colo.  1905-18,  Sec'y,  Public  Ore  Sampler,  Eagle  Ore  Co.,  Cripple  Creek, 
Dist.  1916-18,  Sec'y,  (n>eratmg  Tungsten  Ores,  Rare  Metals  Ore  Co.,  Rollinsville, 
Colo.  1916-18,  SecV,  Ferro  Alloy  Co.,  Denver,  Colo.  1916-18  Sec'y,  Black  Metal 
Mines  Co.,  Rollinsville,  Colo. 

Present  position:  Aa  above. 

Ward  Orr  Steinheimer,  Herrin.  111. 

Proposed  by  Gilbert  H.  Cady,  E.  A.  Holbrook.  F.  W.  DeWolf. 

Bom  1891,  Benton,  111.  Public  and  High  School;  Missouri  School  of  Mines. 
1911^13,  Rodman,  Putman  Engrg.  Co.  1914,  Instrumentman,  Putman  A  Mautz. 
1915,  Mgr.,  Mautz  &  Co.,  Herrin,  fil.  1915-17,  Chief  Engr.,  Southern  Illinois  Engrg. 
Co.,  Herrin,  111. 

Present  position:  Chief  Engr.,  Southern  Illinois  Engrg.  Co. 

John  L  Thompson,  Pittsburgh,  Pa. 

Proposed  by  C.  Kemble  Baldwin,  R.  K.  Stockwell,  H.  W.  Young. 

Bom  1883,  Braddock,  Pa.  1909,  Grad.,  Leland  Stanford  Jr.  Univ.,  Cal.,  A.  B. 
1899-1905,  Office  Boy,  Tracer,  Draftsman,  Machine  Shop,  Colorado  Fuel  &  Iron  Co., 
Pueblo,  Colo.  1905-09,  Student,  Stanford  Univ.  1909-10,  Draftsman  and  Asst. 
to  Constr.  Engr..  Youngstown  Sheet  &  Tube  Co.,  Youngstown,  Ohio.  1910-12,  De- 
signer and  Checker,  Republic  Iron  &  Steel  Co.,  Youngstown,  Ohio.  1912-16,  De- 
signer. Squad  Leader,  Asist.  Chief  Draftsman,  Chief  Draftsman,  Asst.  Engr.,  Koppers 
Co.,  Pittsburgh,  Pa. 

Present  position — 1916  to  date:  Chief  Engr.,  The  Koppers  Co. 

Walter  William  Weissbach,  Stoddard,  Ariz. 

Proposed  by  S.  E.  Chaney,  Horace  V.  Winchell,  H.  C.  Wilmot. 

Bom  1886,  Cincmnati,  Ohio.  1907-11,  Ohio  State  Univ.  1915-16,  Grad.^  Rolla 
School  of  Mines,  B.  S.  1911-12,  Engr.^  Carbon  Block  Coal  Co.,  Cincinnati,  Ohio. 
1912-13,  Engr.  and  Supt.,  Wagner-Azurite  Copper  Co.,  Springfield,  Ohio.  1913-14, 
Gen'l  Engrg.,  Greene  Gold  &  Silver  Co.,  Ray,  Ariz.  1916-16,  School,  Rolla.  1916-17, 
Engrg.  Dept.,  Ray  Cons.  Copper  Co.,  Ray,  Ariz.  1917-18,  Eng.,  Arizona  &  Butte 
Copper  Co.,  Kay,  Ariz. 

Present  position:  Shift  Boss,  Arizona  Bingham  ton  Copper  Co. 
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George  Cutler  Westby,  Elizabeth,  N.  J. 

Propoised  by  Arthur  E.  Wells,  A.  P.  Watt,  Walter  E.  Gaby. 

Bom  1879,  London,  England.  1901,  Grad.,  Univ.  of  Montana,  Mech.  Engrg.; 
Post  Grad.,  M.  S.  1901-03,  Smelterman,  Chem.,  Chief  Chem.,  Anaconda  Copper  Min. 
Co.  1903-05,  Experimental  and  Testing  Experimental  Met.,  Utah  Cons.  Min.  & 
Smelt.  Co.,  Murray,  Utah.  1905-07,  Mme  Surveyor,  Assayer,  Twin  Buttes  Min.  k 
Smelt.  Co.,  Twin  Buttes,  Ariz.  1907-09.  Met.  testing  and  experimental  experience, 
Nevada  Cons.  Copper  Smelt.  &  Min.  Co.,  Ely,  Nev.  1909-11,  Supt.,  Copper  Mountain 
mine.  Grants  Pass,  Ore.  1911-14,  Research  Met.,  Met.,  leaching  plant,  Nevada  Cons. 
Smelt.  &  Min.  Co.,  Ely,  Nev.     1914-18,  Met.,  Nevaaa  Douglas  Cons.  Min.  Co. 

Present  position :  Met.  American  Smelt.  Min.  &  Refin.  Co. 

Thomas  A.  Wetzel,  Los  Angeles,  Cal. 

Proposed  by  George  W.  Mark,  T.  D.  Walsh,  R.  C.  Jacobson. 

Born  1881,  Scandia,  Kan.  1896,  Public  Schools,  lincobi,  Nebr.  1897,  Lincoln 
High  School.  189^99,  East  Denver  High  School.  1900-03,  State  Univ.  of  Nevada, 
Reno.  1904,  Asst.  Engr.,  Burlington  System,  St.  Joseph,  Mo.  1905,  Worked  in  mines, 
Cripple  Creek.  Colo.  1906,  Supt.,  Mt.  Garms  Cons.  Min.  Co.,  Maraposa  Co.,  Cal. 
1907,  Supt.,  five  Bears  Min.  Cfo.,  Plumas  Co.,  Cal.  1908,  Supt..  Guadalui)e  Mines 
Co.,  La  Cumbria,  Mexico.  1909-10,  Mgr.,  So.  American  Gold  Exploration  Co., 
BoUvia,  S.  A.  1911-1912,  Supt.,  OUa  de  Ow  Min.  Co.,  Ltd.,  La  Paa  BoUvia,  S.  A. 
1913,  Examination  work,  Ariz.  1914-15,  Supt.,  Amalgamated  Gold  Min.  Co. 
1915-18,  Examination  work,  Ariz. 

Present  position:  None. 

Charles  H.  Wheeler,  Gary,  Ind. 

Proposed  by  Richard  S.  McCaflfery,  W.  J.  Mead,  W.  O.  Hotchkiss,  James  D.  Jones. 

Bom  1867,  Alleghany  City,  Pa.  1885-90,  Pittsburgh  High  School.  1890-93, 
Blower  of  Blast  Furnaces,  Moorhead,  McLean  &  Co.,  Pittsburgh.  Pa.  1893-95,  Blower 
of  Blast  Furnaces,  Tonawanda  Iron  Co.  1895-98,  Engr.,  Buffalo  St.  R.  R,  Co.,  Power 
House,  Niagara  £t.,  Buffalo.  1898-1903,  Chief  Engr.,  Buffalo  School  Furnace  Co., 
Buffalo,  N.  Y.  1903-08,  Supt.  of  Blast  Furnace,  Belfore  Iron  Works,  Ironton,  Ohio. 
1908-10,  Mgr.,  Jackson  Iron  &  Steel  Co.,  Jackson,  Ohio. 

Present  position — 1910  to  date:  Supt.  of  Blast  Furnaces,  Dlinois  Steel  Co. 

John  Calvin  Wilson|  Los  Angeles,  Cal. 

Imposed  by  J.  F.  Callbreath,  E.  H.  Emerson,  B.  B.  Lawrence. 

Bom  1882,  linneus.  Mo.  1887-95,  Public  School;  1895-99,  High  School,  Brook- 
field,  Mo.  1902-06,  American  School  of  Correspondence.  1910-18,  International 
Correspondence  School,  Scranton,  Pa.  1900-01,  Locomotive  Fireman,  C.  B.  &  Q. 
R.  Ry.,  Brookfield,  Mo.  1901-03,  Locomotive  Fireman,  Missouri  Pacific  Ry.,  Little 
Rock,  Ark.;  Atchison,  Kansas;  Union  Pacific,  Cheyenne,  Wyo.  1906-08,  Mf.ch.  and 
Boiler  Maker,  K  C.  M.  &  O.  Ry.,  Fairview,  Okla.  1908-<)9,  Enffrg.  constr.  work, 
Morris  &  Co.  and  S.  &  S.  Pkg.  Co. ,  Oklahoma  City,  Okla.  1909-13,  Oil-field  Engr.  and 
Constr.  Foreman;  Magnolia  Fipe  Lin*^  Co.,  Dallas,  Texas.  1913-14,  Min.  and  shaft 
sinking.  Pitcher  Lead  &  Zine  Co.,  Baxter  Springs,  Kans.  1914-15,  Mine  Foreman 
and  Engr.,  Monarch  Madona  Gold  Min.  Co.,  Salida,  Colo.  1915-16,  Min.  Enp-, 
Deitz,  Wyo.  1916-17,  Asst.  Engr.,  C.  F.  &  I.  Co.,  Walsenburg,  Colo.  1918,  Asrt. 
Engr.,  Cons.  Coal  Co.,  Jenkins,  Ky. 

Present  position:  Erecting  Engr.  and  Foreman,  Nitrate  Plant  No.  1,  Sheffield,  Ala. 

Floyd  Stephens  Youtsey,  St.  Francois,  Mo. 

Proposed  by  A  P.  Watt.  C.  G.  Dresser,  J.  F.  Thompsoii. 

Born  1878,  Loveland,  Colo.  1894-96  and  1898,  State  Agri.  College,  Colo.  189fr- 
98,  Draftsman,  Cambria  Iron  Co.,  Johnstown,  Pa.  1899-1902,  I>aft«man,  Steams, 
Roger  Mfg.  Co.,  Denver,  Colo.  1902-03,  Draftsman,  Min.  Dept.,  Colorado  Fiiel  A 
Iron  Co. ,  Denver,  Colo.  1903-04,  Estimator,  Link  Belt  Co. ,  Chicago.  1904-05,  Eiigr., 
Jeffrey  Mfg.  Co.,  Chicago.  1905,  Engr.  in  charge,  conveying  mach.  design,  Chicago, 
Milwaukee  St.  Paul  R.  R.  1907,  Colorado  Fuel  &  Iron  Co.,  Denver,  Colo.  1908, 
Engr.,  American  Smelt.  &  Refin.  Co..  Denver,  Colo.  1909-14,  Partner,  Barnes  4 
Youtsey,  Denver,  Colo.  1914-18,  Chief  Engr.,  Nat.  liCad  Co.,  St.  Louis  Branch,  also 
cons.  work. 

Present  position:  Special  work,  Nat.  Lead  Co.,  St.  Louis  Smelt.  &  Refin.  Co. 
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Carl  Millftrd  Bohner.  Gary,  Ind. 

Proposed  by  Richard  8.  McCaffery,  W.  J.  Mead.  W.  O.  Hotchkiss. 

Bom  1890,  Altoona,  Pa.  1896-08,  Private  School,  Philadelphia,  Pa.  1912,  Grad., 
Altoona  High  School.  1914,  Ohio  State  Univ.,  Columbus,  Ohio.  1918,  Grad.,  Ohio 
State  Univ.,  B.  A. 

Present  position:  Met.,  Gary  Works,  Illinois  Steel  Co. 

George  Frederick  Halfacre,  Palmerton,  Pa. 

Proposed  by  Carle  R.  Hayward,  L.  S.  Holstein,  H.  O.  Hofman,  Charles  E.  Locke, 

Bom  1897,  Boston,  Mass.  1901-10,  Prince  School,  Boston.  1910-14,  EngU^H 
High  School,  Boston.  1914-18,  Grad.  Mass.  Institute  of  Tech.,  B.  S.  1917,  Miner, 
Anaconda  Copper  Co.,  Leonard  mine,  Butte,  Mont. 

Present  position:  Met.  Chem.,  New  Jersey  Zinc  Co.  (of  Pa.). 

Peh-Tuan  Hu,  Pittsbursh.  P&. 

Proposed  by  S.  L.  Goodale,  Robert  M.  Black,  Roswell  K.  Johnson.  - 

Bom  1891,  Shanghai,  China.  1917,  Mass.  Inst,  of  Tech.,  8.  B.  1918,  Univ-  <^/ 
Pittsburgh.  1916,  Summer,  coal  mine,  Pittsburgh  Rochester  &  Baltimore  Coal  ^ 
Iron  Co..  Indiana,  Pa.  1917,  Summer,  Asst.  Oil  GeoL,  Oil  Fields,  Ky.  igig,  steft*** 
and  Hydraulic  Dept.  Blast  Furnace,  National  Tube  Co.,  McKeesport,  Pa. 

Present  position:  Met.  Dept.,  Jones  &  Laughlin  Steel  Co. 

Thomas  Henry  Noon.  Colorado  Springs,  Colo. 

Proposed  by  J.  A.  Ede,  E.  A.  Holbrook,  H.  W.  Nichols. 

Bom  1891,  Pern,  lU.  1905-08,  St.  Bedes  College,  111.  1908-11,  St.  Marys  College  , 
Kans.  1911-16,  Marquette  U»jiv.,  Milwaukee,  Wis^  B.  S.  1908-15,  Summers,  llliixoiS 
Zinc  Co.,  Peru,  HI.  1916-16,  Draftsman,  United  Engrg.  &  Foundry  Co.,  Pittsburg ri 
office.     1916-18,  Colorado  Springs,  seeking  health. 

Present  position:  None. 

Junior  Associates 

Blair  Burwell,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1898,  Durango,  Colo.  1909-13.  DurauKo  High  School.  1913-14,  Univ.  o 
Denver,  Denver,  Colo.  1916-18,  Colorado  School  of  Mines,  Golden,  Colo.  1908— 1. : 
Summers,  Rodman  and  Levelman,  under  my  father,  surveying  work  and  iniga,i:.i.c: 
Drojects.  1914,  Topographer,  W.  I.  Hoklss,  Steamboat  Springs,  Colo.  1915 — X 
Accnt.,  M.  Caffery  ^^olesale  Merc.  Co.,  Denver,  Colo. 

Present  position — 1916  to  date:  Student,  Colorado  School  of  Mines. 

Sugene  Hendel  Hicks.  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  I.  A  Palmer,  Victor  C.  Alderson. 
Bom  1900,  Lasalle.  lU.     1906-12,  Central  High  School,  St.  Paul,  Minn.      XOl^^ 
Colorado  School  of  Mines.     1918,  3  mo.,  Minn.  By-product  Coke  Co.  La.\>. 
Present  position— 1917  to  date:  Student,  Colorado  School  of  Mines. 

George  Morton  Kintz,  Denver.  Colo. 

Proposed  by  J.  C.  Roberte,  Victor  C.  Alderaon,  I.  A.  Palmer. 

Bom  1897,  Colorado  Springs,  Colo.     1912-14,  North  Side  Ihgh  School ,    ^ 

Colo.  1914-16,  Manual  Training  High,  Denver,  Colo.  1916-17,  ^ixivex^^l 
Colorado,  Boulder,  Colo.  „  .     ,     .  ,,. 

Present  position— 1917  to  date:  Student,  Colorado  School  of  Mines, 

John  Samson  Surfluh,  Golden,  Colo.  ^    _  , 

Proposed  by  Victor  C.  Alderson,  J.  C.   Roberts,  I.  A  ™5^ef. 
Bom  1898,  Cottonwood  Falls,  Kan.     1913-17,  Lincohi  High  School,  1^^ 
Cal.  ^^v»s  A.rxj 

Present  position— 1917  to  date:  Student,  Colorado  School  of  Mines, 

Frederic  G.  Sefing,  So,  Bethlehem,  Pa.       ,„,-,,.    ti^«;«     •     ^ 
Proposed  by  Joseph  W.  Richards,  Howard  Eckfeldt,  Benjamin  ^    Miii^ 
Borri898,  Allentown,  Pa.     1911-13,  AUontown  High  School     m^^^J"«r 
Prep.  School.    1915,  Lehigh  Univ.       1917,  Summer  chem.  lab.,  Kew  WI^^^^I* 
1918,  Summer,  sampling,  Great  Falls  Reduction  Dept.,  Anaconda  Q^^l^^^l^c 
Present  position:  Student,  Lehigh   Univ.  k*P«r  Mm. 
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Change  of  Status — From  Associate  to  Member 

Girard  B.  Rosenblatt,  Salt  Lake  City,  Utah. 

Proposed  by  Ernest  Gayford,  C.  W.  Goodale,  D.  A.  Lyon. 

Born  1881,  New  York  City.  1890-98,  Collegiate  Inst.  189^-1902.  Grad.,  Colum- 
bia Univ.,  £.  E.  1902-03,  Apprenticeship  Course;  1903,  Testing  Dept.;  1904-05, 
Engrg.  Dept.,  Westinghouse  Electric  &  Mig.  Co.  1905.  Various  investigations,  Otia 
Elevator  Co.,  Brooklyn  Rapid  Transit  Co.,  United  Electric  light  &  Power  Co.  of 
Baltimore.  1906-12,  Charge,  Butte  office^  Westinghouse  Electric  &  Mfg.  Co.  1912- 
18,  Engr.  in  charge  of  min.  work  for  Westinghouse  Electric  &  Mfg.  Co.  for  territory 
west  of  Miss.  Kiver  including  Alaska.  In  this  position,  the  writer  is  responsible  for 
the  success  of  plant  layouts  and  the  appUcation  of  electrical  apparatus  to  the  min.  & 
met.  industries  of  the  West.  He  has  had  charge  of  the  electrical  design  of  a  very  con- 
siderable number  of  hoisting  plants,  concentrating  mills  and  some  electro-met.  plants. 
The  design  of  considerable  electrical  apparatus  especially  used  for  met.  process  has 
been  under  his  guidance.  Has  been  engaged  in  and  directed  research  work  on  the 
Cottrell  process,  electrolytic  copper  refimng,  etc.,  for  about  three  years. 

Present  position:  As  above. 


American  Institutb  of  Mining  Engineers 


liii 


GEORGE  D.  BARRON 
EDWIN  LUDLOW 


LEWIS  W.  FRANCIS 
LOUIS  D.  HUNTOON 


STANDING  COMMITTEES 
Executive 

SIDNEY  J.  JENNINGS,  Chairman 

J.  E.  JOHNSON,  JR. 
ROBERT  M.  RAYMOND 
Membership 


KARL  EILERS,  Cfuiirman 


Finance 


J.  E.  JOHNSON.  JR. 
ARTHUR  L.  WALKER 


GEORGE  D.  BARRON.  Chairman 
CHARLES  F.  RAND  BENJAMIN  B.  THAYER 

Library 

E.  GYBBON  SPILSBURY.'  Chairman 
ALEX  C.  HUMPHREYS'  GEORGE  C.  STONE* 

J.  H.  JANEWAY*  BRADLEY  STOUGHTON 

Papers  and  Publications 

BRADLEY  STOUGHTON.  Chairman 


PERCY  E.  BARBOUR 
WILLIAM  A.  COWAN 
H.  C.  PARMELEE 
THOMAS  T.  READ 

J.  L.  W.  BIRKINBINE 
WILLIAM  H.  BLAUVELT 
H.  A.  BRASSERT 
WILLIAM  CAMPBELL 
R.  M.  CATLIN 
ALLAN  J.  CLARK 
FREDERICK  G.  COTTRELL 
KARL  EILERS 
NATHANIEL  H.  EMMONS 
JOHN  W.  FINCH 
CHARLES  H.  FULTON 
P.  LYN  WOOD  GARRISON 
ROBERT  C.  GEMMELL 
H.  W.  GILLETT 
CHARLES  W.  GOODALE 
HARRY  A.  GUESS 
R.  DAWSON  HALL 


SXBCUTXVB   COMMITTSB 


PHILIP  W.  HENRY 
HEINRICH  O.  HOFMAN 
WALTER  E.  HOPPER 
HENRY  M.  HOWE 
LOUIS  D.  HUNTOON 
J.  E.JOHNSON.  JR. 
WILLIAM  KELLY 
JAMES  F.  KEMP 
CHARLES  K.  LEITH 
ANTHONY  F.  LUCAS 
EDWARD  P.  MATHEWSON 
HERBERT  A.  MEGRAW 
PAUL  D.  MERICA 
RICHARD  MOLDENKE 
SEELEY  W.  MUDD 
R.  V.  NORRIS 
EDWARD  W.  PARkER 


JOSEPH  W.  RICHARDS 
GEORGE  C.  STONE 
SAMUEL  A.  TAYLOR 

NATHANIEL  K.  B.  PATCH 
R.  M.  RAYMOND 
ROSaiTER  W.  RAYMOND 
ROBERT  H.  RICHARDS 
L.  D.  RICKETTS 
HEINRICH  RIES 
RENO  H.  SALES 
ALBERT  SAUVEUR 
HENRY  L.  SMYTH 
A.  A.  STEVENSON 
RALPH  H.  SWEETSER 
GEORGE  D.  VAN  ARSDALE 
ARTHUR  L.  WALKER 
ROLLA  B.  WATSON 
HORACE  V.  WINCHELL 
FREDERICK  W.  WOOD 
DWIGHT  E.  WOODBRIDGE 


C.  H.  MacDOWELL 
C.  W.  WHITLEY 


Nominations 

R.  V.  NORRIS,  Chairman 
WALTER  H.  ALDRIDGE 
WALTER  DOUGLAS 
D.  W.  BRUNTON 

Institute  of  Metals  Division 

WILLIAM  M.  CORSE.  Chairman 
FRED  L.  WOLF,  Secretary,  Ohio  Brara  Co..  Mansfield,  Ohio 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

New  York 

Meets  first  Wednesday  after  first  Tuesday  of  each  month. 

ALLEN  H.  ROGERS,  Chairman  H.  C.  PARMELEE,  Vice-chairman 

FOREST  RUTHERFORD,  Vice-chairman 

W.  8.  DICKSON,  Secretary,  71  Broadway,  New  York,  N.  Y. 

J.  E.  JOHNSON.  Jr.  F.  T.  RUBIDGE  P.  G.  SPILSBURY 

Boston 

Meets  first  Monday  of  each  winter  month. 
ALFRED  C.  LANE.  Chairman  G.  A.  PACKARD,  Vice-chairman 

E.  E.  BUGBEE,  Secretary-Treasurer,  Mass.  Inst,  of  Technology.  Cambridge.  Mass. 
R.  L.  AGAS8IZ  FRED  W.  DENTON 

Columbia 

Holds  four  sessions  during  year.     Annual  meeting  in  September  or  October. 

8.  S.  FOWLER,  Chairman  J.  C.  HAAS,  Vice-chairman 

LYNDON  K.  ARMSTRONG,  Secretary-Treasurer,  720  Peyton  Bldg..  Spokane,  Wash. 
W.  H.  LINNEY  J.  F.  McCARTHY 


» Until  Feb.,  1919. 


>  Until  Feb..  1920 


•Until  Feb.,  1921. 


*  Until  Feb.,  1922. 
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Meets  seoond  Saturday  of  each  mooth. 

HENRY  LANDES,  Chairman  GEORGE  E.  ROCKEFELLER.  Vic«-<hairmam 

PERCY  E.  WRIGHT.  SeeretarvTreamu^,  2012  L.  C.  Smith  BMg.,  Seattle.  Waah. 
SIMON  H.  ASH.  CHARLES  SIMEN8TAD 

Southern  Calif  omia 

RALPH  ARNOLD.  Chairman  WILLIAM  F.  STAUNTON.  Viee-chairman 

ALVIN  B.  CARPENTER.  Seeretary-Treaaurer,  530  Citisens   National  Bank  Bldg.,  Los  Angelca.  Gal. 

A.  B.  W.  HODGES  LESLIE  C.  MOTT 

C.  COLCOCK  JONES  JAMES  W.  NEIUi 

Colorado 

CHARLES  M.  MacNEILL.  Chairman  GEORGE  M.  TAYLOR,  Vie^-chairmmi 

FRED  CARROLL.  Secretary-Treaaurer,  State  Capitol,  Denver,  Colo. 
W.  W.  CASE  H.  E.  COLLBRAN 

Montana 

N.  B.   BRALY.  Chairman  B.  H.   DUNSHEE,    Vice-chairman 

E.  B.  YOUNG.  SeeretarifTreaaurer,  526  Hennesy  Building,  Butte.  Mont. 
F.  W.  BACORN  C.  D.  DEMOND 

San  Francisco 
Meeta  second  Tuesday  of  each  month. 

A.  C.  LAWSON.  Chairman  ROY  H.  ELLIOT!  .  Vice-ehairmoM 

W.  H.  SHOCKLEY,  Secretary-Treawurtr,  959  Waverley  St..  Palo  Alto,  Cal. 
T.  A.  RICHARD  C.  F.  TOLMAN,  JR. 

Pennsylvania  Anthracite 

R.  V.  NORRIS.  Chairman 
CHARLES  F.  HUBER.  Vice-chairman  EDWIN  LUDLOW.  Viee-^AairmoM 

W.  J.  RICHARDS.  Vice-chairman  ARTHUR  H.  STORR8,  Vicfchairmam 

PAUL  STERLING.  Seeretary-Treaeurer,  Lehigh  Valley  Coal  Co.,  Wilkes-Barre,  Pa. 
.DOUGLAS  BUNTING  W.  W.  INGLIS  HENRY  W.  MONTZ 

JOHN  M.  HUMPHREY  EDWARD  E.  KAERCHER  ROBERT  A.  QUIN 

St.  Louis 

EUGENE  McAULIFFE,  Chairman  J.  N.  HOUSER,  Viee-chmrmM 

VICTOR  RAKOWSKY,  Vice-chairman  H.  G.  WASHBURN.  Vice-chairman 

WALTER  E.  McCOURT,  Secretary- Treasurer,  Washington  Univ..  St.  Louis.  Mo. 
H.  A.  BUEHLER  G.  H.  COX  L.  C.  GLENN 

E.  A.  HOLBROOK  W.  E.  NEWNAM 

Chicago 

CHARLES  H.  MacDowkll.  Chairman  .LUTHER  V.  RICE.  Vice-chairman 

HENRY  W.  NICHOLS,  Secretary-Treasurer,  Field  Museum  of  Natural  History,  Chicago,  III. 
ALEXANDER  K.  HAMILTON  G.  P.  HULST 

HENRY  P.  HOWLAND  FREDERICK  T.  SNYDER 

Utah 
WILLIAM  WRAITH,  Chairman  rcECIL  FITCH,  Viee-tAairmaH 

F.  G.  MOSES,  Secretary-Treasurer,  University  of  Utah.  Salt  Lake  City.  Utah. 
ERNEST  GAYFORD  E.  R.  ZALINSKI 

Arizona 

L.  O.  HOWARD.  Chairman 
NORMAN  CARMICHAEL.  1«(  Vice-chairman  J.  C.  GREENWAY,  2d  Vice-chairman 

H.  L.  NORTON.  Secretary-Treasurer,  Globe,  Aris. 
L.  S.  GATES  F.  W.  MACLENNAN  R.  E.  TALLY 

Nevada 

R.  £.  H.  POMEROY.  Chairman  J.  C.  JONES.  Vice-chairman 

HENRY  M.  RIVES,  Secretary-Treasurer,  210  Reno  National  Bank  Bldg.,  Reno,  Nev. 
W.  H.  BLACKBURN  FREDERICK  BRADSHAW  C.  B.  LAKENAN 

EMMET  D.  BOYLE  J.  W.  HUTCHINSON  WHITMAN  SYMMES 

JOHN  G.  KIRCHEN 

Mexico 

(Instituto  Mexicano  de  Minus  y  Metalurgia) 

VICTOR  M.  BRASCHI,  Chairman,  Committee  on  Organisation 

Tulsa 

ALF.  G.  HEQGEM.  Chairman  ALEXANDER  DEUSSEN,  Viee-cKairman 

CHARLES  H.  TAYLOR.  Vice-chairman 
M.  M.  VALERIUS.  Junior  Vice-chairman  ERASMUS  HAWORTH.  Vice-chairman 

JAMES  H.  GARDNER.  Secretary-Treasurer ^  Tulsa,  Okla. 
IRVING  PERRINE  J.  J.  RUTLEDGE  S.  H.  WORRELL 


Amebicjln  Institute  of  Mikino  Enoinbebs 


Iv 


Washington,  D.  C 

HERBERT  C.  HOOVER,  Chairman 
fl.  FOSTER  BAIN,  Vice-chairman  DAVID  WHITE,  Vic^-chairman 

HARVEY  S.  MUDD,  Secretary-Treaaurer,  Room  2114,  Dept.  of  Interior  Bldg. 
J.  F.  CALLBREATH  HENNEN  JENNINGS  E.  W.  PARKER  T.  T.  READ 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 

STUDENT  SOCIETIES 

CHARLES  H.  FULTON,  Chairman 


Vice-chairmen 

EDWIN  C.  HOLDEN 
FREDERICK  W.  SPERR 
WALTER  R.  CRANE.  Secretary,  Pennsylvania  State 


LUTHER  W.  BAHNEY 
DARSIE  C.  BARD 
ROBERT  H.  BRADFORD 
SAMUEL  W.  BEYER 
GUY  H.  COX 
JOSEPH  DANIELS 
NOAH  F.  DRAKE 
FRANK  W.  DURKEE 


HOWARD  ECKFELDT 
DAVID  M.  FOLSOM 
R.  R.  GOODRICH 
CHARLES  E.  LOCKE 

JAMES  F.  McClelland 

HARRY  B.  MELLER 
WALTER  8.  MORLEY 
HENRY  S.  MUNROE 


GEORGE  J.  YOUNG 

College,  State  College,  Pa. 
CHARLES  J.  NORWOOD 
H.  C.  PARMELEE 
GEORGE  S.  RAYMER 
HEINRICH  RIES 
HENRY  L.  SMYTH 
HARRY  H.  STOEK 
FRANCIS  A.  THOMSON 
CLINTON  M.  YOUNG 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 


J.  V.  N.  DORR,  Chairman 

FOREST  RUTHERFORD,  Firet  Vice-chairman 

H.  C.  PARMELEE,  Secretary,  Chem.  A  Met.  Eng.,  10th  Ave.  &  36th  St.,  New  York,  N.  Y. 


L.  K.  ARMSTRONG 
C.  H.  BENEDICT 
ELI  T.  CONNER 
DORSEY  HAGER 
G.  P.  HUL8T 


FRANK  L.  ANTI8ELL 
C-  E.  ARNOLD 
FRANKLIN  BACHE 
D.  C.  BARD 
LOUIS  V.  BENDER 
SAMUEL  W.  BEYER 
NORMAN  B.  BRALY 
G.  S.  BROOKS 
ALAN  BRUYERE 
FRANK  BULKLEY 
FRED  CARROLL 
THOMAS  H.  CLAGETT 
G.  M.  COLVOCORESSES 
ARTHUR  CROWFOOT 
H.  W.  DU  BOIS 
J.  A.  EDE 
L.  V.  EMANUEL 
NEWTON  W.  EMMENS 
J.  N.  ESSEL8TYN 
ERNEST  GAYFORD 
CHARLES  N.  GOULD 
H.  W.  HARDINGE 


Vice-chairmen 


Committee 

ENOCH  HENDERSON 
HERBERT  B.  HENEGAR 
FRANK  R.  HEWITT 
JOSEPH  T.  HILLES 
C.  B.  HOLLIS 
T.  A.  JANNEY 
ZAY  JEFFRIES 
OLAF  P.  JENKINS 
FRANK  G.  JEWETT 
ARTHUR  G.  JOHNSON 
F.  P.  JORGENSEN 
C.  B.  LAKENAN 
LEONARD  LARSON 
E.  T.  LEDNUM 
CHARLES  LEGRAND 
EUGENE  McAULIFFE 
ROBERT  McCART,  Jr. 
JOHN  H.  McCHRYSTAL 
W.  E.  McCOURT 
V.  H.  McNUTT 
T.  W.  MATHER 


P.  M.  McHUGH 
H.  L.  WILLIAMS 
DWIGHT  E.  WOODBRIDGE 
R.  B.  WOODWORTH 


E.  P.  MATHEWSON 
T.  POOLE  MAYNARD 
H.  W.  MORSE 
HENRY  W.  NICHOLS 
C.  C.  O'HARRA 
FRANK  H.  PROBERT 
JOSEPH  W.  RICHARDS 
OTTO  RISSMANN 
W.  W.  ROSE 
FRANK  L.  SIZER 
LEWIS  STOCKETT 
WALTER  G.  SWART 
ARTHUR  M.  8WARTLEY 
ARTHUR  F.  TAGGART 
JOHN  C.  TAYLOR 
WILLIAM  D.  WALTMAN 
JESSE  B.  WARRINER 

E.  R.  WASH 

W.  Y.  WESTERVELT 

F.  R.  WICKES 
BERKELEY  WHXIAMS 


Ivi 
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INSTITUTE  REPRESENTATIVES 

United  Engineering  Society  Trustees 
CHARLES  F.  RAND<  W.  L.  SAUNDERS*  BENJAMIN  B.  THAYER' 


R.  M.  RAYMOND! 


Engineering  FoundtUion 
J.  W.  RICHARDS 


BENJAMIN  B.  THAYER' 


Library  Boards   United  Engineering  Society 


ALEX  C.  HUMPHREYS' 
J.  H.  JANEWAY* 


BRADLEY  STOUGHTON 
John  Fritz  Medal  Board  of  Award 


E.  GYBBON  SPaSBURY» 
GEORGE  C.  STONE« 


C.  R.  CORNING' 
CHARLES  F.  RAND« 


J.  PARKE  CHANNING* 
S.  J.  JENNINGS' 


Engineering  Council 
P.  N.  MOORE* 


E.  GYBBON  8PILSBURY« 
BENJAMIN  B.  THAYER* 

B.  B.  LAWRENCE' 
EDWIN  LUDLOW* 


American  Aaaociaiion  for  the  Advancement  of  Science 
WALDEMAR  LINDGREN  JOSEPH  B.  TYRRELL 

Committee  on  Standardization  of  Graphical  Methods 
JUDD  STEWART 

Joint  Committee  on  War  Minerals 
4  WILLIAM  Y.  WESTERVELT 

Committee  on  Mining  Law  Revision 

JAMES  R.  FINLAY  HENNEN  JENNINGS 

D.  C.  JACKLING  EDMUND  B.  KIRBY  C.  F.  KELLEY 

National  Research  Council 
P.  N.  MOORE 

Naval  Considling  Board 

Members 


WILLIAM  L.  SAUNDERS 


BENJAMIN  B.  THAYER 


AaaocitUe  Membere 


STEPHEN  O.  ANDROS 

E.  J.  BABCOCK 

H.  R.  BATCHELLER 
PHILIP  R.  BRADLEY 
J.  L.  BRUCE 
D.  W.  BRUNTON 
ALLAN  J.  CLARK 

F.  K.  COPELAND 

B.  F.  CHESSON,  Jr.     • 
ROBERT  N.  DICKMAN 
M.  M.  DUNCAN 
T.  C.  DU  PONT 
STANLY  A.  E ASTON 
W.  E.  C.  EUSTIS 
J.  R.  FORDYCE 


FRANK  B.  GEARHART 
J.  C.  GREENWAY 
LAFAYETTE  HANCHETT 
C.  B.  H0LLI8 
GEORGE  P.  HULST 
FRANK  U.  HUMBERT 
HENNEN  JENNINGS 
S.  W.  McCALLIE 
A.  J.  McQUATTERS 
C.  W.  MERRILL 
P.  N.   MOORE 
F.  W.  O'NEIL 
WALTER  T.  PAGE 
W.  H.  PEIRCE 
JOSEPH  H.  PRATT 
H.  V.  WINCHELL 


J.  C.  RALSTON 

CHARLES  F.  RAND 

FRANK  D.  RASH 

R.  H.  RICHARDS 

C.  8.  ROBINSON 

WALTER  M.  SAUNDERS 

E.  A.  SAYRE 

H.  L.  8CAIFE 

A.  M.  SWARTLEY 

PRIESTLEY  TOULMIN 

W.  E.  TRENT 

M.  M.  VALERIUS 

W.  D.  WALTMAN 

I.  C.  WHITE 

ELI  WHITNEY 


Committee  on  Engineering  Educaiion 
JOHN  HAYS  HAMMOND  HENRY  MARION  HOWE 

Conference  Committee  on  Proposed  Adoption  of  Metric  System 
GEORGE  F.  KUNZ  JOSEPH  W.  RICHARDS 

Joseph  A.  Holm>es  Safety  Association 
HENNEN  JENNINGS 
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The  Relation  of  Sulphur  to  the  Overpoling  of  Copper 

Discussion  of  the  paper  of  S.  Skowronski,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  Bulletin  No.  135,  March,  1918,  p.  651. 

F.  Johnson,*  Birmingham,  England  (written  discussion f). — 
Mr.  Skowronski's  first  melting  experiments  tend  to  show  that  ingots 
with  a  "level  set"  may  be  obtained  without  oxygen.  Now  it  is  charac- 
teristic of  all  metals  which  occupy  a  smaller  volume  when  solid  than  they 
do  when  molten  to  "pipe.**  In  vertical-cast  ingots,  this  pipe  resembles 
a  horn-shaped  cavity,  with  the  wide  mouth  uppermost.  In  horizontal- 
cast  ingots,  the  pipe  is  a  longitudinal  furrow  along  the  center-line  of 
the  ingot  surface. 

If  copper  be  successfully  deoxidized  and  degasified,  this  furrow  will 
inevitably  be  produced.  In  the  author's  oxygen-free  ingots,  it  is  clear 
that  gases  were  occluded  and  these  gases  effectively  opposed  the  forma- 
tion of  a  pipe  or  furrow  by  shrinkage  (fluid  contraction).  It  is  not.  a 
special  property  of  any  particular  gas  which  produces  this  effect.  Hence 
it  is  not  surprising  that  the  author  has  succeeded  in  producing  level  and 
overpoled  ingots  through  the  agency  of  sulphur  dioxide  gas.  That  he  has 
counteracted  the  overpoling  influence  of  sulphur  by  means  of  oxygen 
is  somewhat  difficult  to  explain,  since  the  well  known  reaction  between 
cuprous  sulphide  and  cuprous  oxide  should  result  in  the  production  of 
sulphur  dioxide  gas.  Why  the  presence  of  excess  cuprous  oxide  should 
neutralize  the  overpoling  influence  of  this  gas  without  eliminating  sulphur 
is  not  at  all  clear.  It  is  to  be  regretted  that  the  oxygen  was  not  deter- 
mined in  the  bars  given  in  Tables  3  and  4. 

It  is  by  no  means  established  that  sulphur  is  responsible  for  the  over- 
poling of  ingots  given  in  Table  4,  since  carbon  was  used  for  overpoling. 
If,  however,  the  same  kind  of  poling  treatment  was  given  as  that  applied 
in  the  case  of  ingots  in  Table  1,  the  responsibility  of  sulphur  assumes  more 
definite  shape. 

The  author  rightly  points  out  that  Mr.  Johnson's  theory  of  the 
equilibrium  between  gases  and  cuprous  oxide  does  not  explain  why  a 
simple  addition  of  cuprous  oxide  does  not  correct  an  overpoled  charge. 
Such  a  charge  must  be  re-worked  to  ''sef  copper.  This  re-working 
(rabbling)  undoubtedly  forcibly  removes  the  excess  gases,  which  are 
not  removable  by  cuprous  oxide. 

The  writer  suggests  that  the  gases  concerned  in  the  production  of 
"tough-pitch"  copper  are  of  two  kinds,  soluble  and  insoluble.     The 

*  Head  of  Metallurgy  Department,  Municipal  Technical  School, 
t  Received  Sept.  12,  1918. 
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soluble  gases,  such  as  hydrogen  and  possibly  carbon  monoxide,  may  be 
capable  of  being  retained  in  solid  solution  and  therefore  would,  if  wholly 
in  this  condition,  play  no  part  in  the  formation  of  "set. " 

In  the  absence  of  other  gases,  and  of  cuprous  oxide,  such  copper  should 
set  with  a  depression  and  give  characteristically  underpoled  ingots.  The 
introduction  of  cuprous  oxide  is  followed  by  a  reaction,  for  example: 

2H2    +  O2  =  2H2O 
2C0  +O2  =2C02 

Thus  insoluble  gases  are  formed  which  cannot  be  retained  in  «olid 
solution  and  which,  in  endeavoring  to  escape  before  solidification  is 
complete,  will  oppose  themselves  to  the  natural  shrinkage  of  the  metal 
and  result  in  the  production  of  ingots  with  level  surfaces  (tough-pitch) 
or  of  overpoled  ingots,  if  in  excess.  The  action  of  overpoUng  will  thus 
be  the  production  of  more  soluble  gases  which  react  with  cuprous  oxide 
and  produce  an  accumulation  or  excess  of  insoluble  gases.  This  excess 
would  cause  spewing. 

The  writer  has  no  experimental  evidence  to  ofifer  in  support  of  this 
theory,  but  the  inability  of  cuprous  oxide  to  neutralize  the  overpoling 
action  of  insoluble  gases  is  thus  explained.  Their  removal  must  be 
effected  mechanically. 

The  writer  has  found,  in  his  experience,  that  it  is  possible  to  produce 
ingots  of  electrolytic  copper  which  are  so  overpoled  as  to  spew  even  on 
an  experimental  scale.  The  copper  used  was  cathode  copper  of  high 
electrical  conductivity  (over  101  per  cent.) ;  sulphur  was  not  determined. 

S.  M.  Hopkins,  metallurgist  at  the  Birmingham  Battery  Co.,  and  a 
copper  refiner  of  many  years'  experience,  confirms  this. 


Electrolytic  Zinc 

Discussion  of  the  paper  of  C.  A.   Hansen,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  Bulletin  No.  135,  March,  1918,  p.  615. 

C.  A.  Hansen  (communicated  appendix*). — Since  the  above  paper 
was  written,  tests  have  been  conducted  with  a  view  to  securing  a  sounder 
basis  for  discussing  the  effects  of  temperature  on  the  behavior  of  the  zinc 
cell.  The  following  data,  while  making  no  pretense  to  great  accuracy, 
are  still  reasonably  close. 

Cells  were  operated  with  the  same  feed  solutions,  but  at  varying 
temperatures,  the  latter  being  controlled  by  means  of  immersed  steam 
coils.     Current  efliciencies  obtained  indicate  that  the  corrosion  rate 
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doubles  with  each  rise  of  21.7®  C.  in  electrolyte  temperature.  No  great 
error  is  therefore  introduced  in  the  original  paper  as  a  result  of  the 
temperature  coefficient  there  assumed. 

Strangely  enough,  parallel  tests  conducted  by  merely  suspending 
cathode  sheets  in  solutions  maintained  at  different  temperatures  (the 
sheets  not  functioning  as  cathodes  at  all)  indicated  no  definite  tem- 
perature coefficient  of  corrosion.  It  appeared  in  these  latter  tests  that 
adhering  hydrogen  interfered  with  the  free  access  of  the  acid  solutions 
to  the  zinc  surfaces. 

Tests  were  also  conducted  with  an  electrically  heated  evaporating 
pan  (immersed  heaters)  in  which  some  2  sq.  ft.  of  electrolyte  surface 
was  freely  exposed  to  the  cell  room  atmosphere.  The  data  obtained, 
corrected  so  as  to  cover  merely  losses  of  energy  from  the  actual  solution 
surface,  indicate  surface  losses  as  follows  (room  temperature  20  to  25°  C.) : 


Solution  Temp.,  Deg.  C. 

Watts  Loss  per  sq.  ft. 

30 

25 

35 

45 

40 

70 

45 

115 

50 

155 

60 

270 

70 

400 

80 

540 

These  data  are  very  closely  checked  by  an  independent  set  of  tests 
conducted  on  commercial  cells. 

In  the  teinperature  range  40  to  45°  C,  evaporation  of  solution  from 
electrolyte  surface  accounted  for  87  per  cent,  of  the  energy  dissipated  at 
the  surface,  this  figure  being  in  excellent  agreement  with  the  90  per  cent, 
figure  quoted  from  Mr.  Antisell. 

I  think  it  probable  that  the  energy  lost  from  the  cell  solution  surfaces 
is  mainly  accounted  for  by  evaporation  at  all  temperatures,  since 
the  relation  between  vapor  pressure  of  the  electrolyte  and  the  energy 
losses  determined  is  too  simple  to  be  mere  coincidence. 

Discussion 

C.  A.  Hansen. — Mr.  Yardley^  seems  to  lay  stress  upon  adapting 
the  electrolytic  plant  to  standard  types  of  electrical  apparatus.  Person- 
ally, while  I  believe  in  keeping  standard  voltages,  etc.,  in  mind  in  lajdng  out 
an  electrolytic  plant,  I  think  that  the  electrical  apparatus  is  a  decidedly 
minor  item  in  the  plant  as  a  whole. 

A  plant  should  be  designed  to  do  what  it  must  do,  and,  in  general, 
the  electrical  apparatus  should  be  selected  to  fit  in  with  the  rest  of  the 
design.    Ordinarily,  the  substation  equipment  for  an  electrolytic  zinc 
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or  copper  plant  will  account  for  about  10  per  cent,  of  the  total  plant 
cost,  and  it  does  not  seem  fair  to  let  considerations  of  standard  voltages, 
etc.,  in  any  way  prejudice  the  design  of  the  other  90  per  cent. 

Mr.  Yardley's  point  that  no  great  voltage  range  need  be  required 
of  the  direct-current  generating  apparatus  is  well  taken.  When  working 
with  zinc  sulfate,  no  current  flows  through  the  cells  until  a  voltage 
greater  than  2.7  per  cell  is  applied;  the  average  voltage  of  the  commercial 
zinc  cell  operating  at  full  load  is  around  3.5.  Obviously  then,  the  whole 
range  from  zero  load  to  full  load  may  be  taken  care  of  by  a  voltage  range 
between  2.7  and  3.6,  or,  say,  by  a  250  plus  or  minus  32  volts. 

Such  requirements  can  be  very  conveniently  met  with  rotary  con- 
verters and  synchronous  booster  sets.  With  power  at  about  $25  per 
horsepower-year,  there  appears  to  be  little  hope  of  reducing  the  power 
cost  per  ton  of  zinc  below  $14  for  the  electrolytic  zinc  plant. 

The  difference  of  4  per  cent,  in  eflSciency  in  favor  of  rotary  converters, 
as  compared  with  motor-generators,  is  quite  an  important  item  (say 
$25,000  per  year  for  a  plant  averaging  100  tons  zinc  output  per  day). 
However,  if  a  rotary  converter  is  operated  from  a  line  of  tricky  voltage 
characteristics,  or  from  a  line  subject  to  frequent  lightning  disturbances, 
this  apparent  saving  is  often  wiped  out  in  plant  interruptions.  The 
motor-generator  equipment  will  unquestionably  be  less  subject  to  these 
objectionable  line  disturbances. 

It  should  also  be  remembered  that  the  synchronous  booster  must 
provide  the  required  voltage  variation  for  the  converter  equipment, 
and  that  the  booster  set  is  a  motor-generator  with  all  of  its  efficiency 
limitations.  Maximum  efficiency  for  the  synchronous  converter-booster 
set  is  then  to  be  arrived  at  by  requiring  minimum  voltage  range. 

Perhaps  a  specific  instance  may  be  cited  for  illustrative  purposes. 
One  of  the  large  electrolytic  plants  in  the  country  specified  a  direct- 
current  voltage  range  from  76  to  175,  with  a  nominal  load  at  the  higher 
voltage  approximating  4000  kw.  To  cover  this  requirement  with  a 
converter-booster  set  would  mean  a  converter  voltage  of  125,  and  a 
booster  range  of  50.  The  required  voltage  range  made  motor-generator 
sets  appear  more  favorable  and  they  were  installed.  It  actually  devel- 
oped that  until  125  volts  were  impressed  no  current  flowed  through  the 
cells;  hence  a  converter  supplying  150  volts,  with  a  25-volt  booster,  would 
have  given  more  regulation  than  the  plant  required.  In  this  particular 
instance,  power  costs  approximately  $80  per  horsepower-year,  and  the 
power  conditions  are  very  favorable  for  a  converter  installation.  Had 
the  converter  equipment  with  small  voltage  range  been  installed,  the 
power  saving  would  approximate  $14,000  per  year.  However,  the 
added  power  cost  approximates  only  0.035  c.  per  pound  of  product  made, 
not  an  appreciable  fraction  of  the  production  cost. 

Sidney  J.  Jennings,  New  York,  N.  Y. — Mr.  Hansen  emphasises 
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the  need  of  a  perfectly  pure  zinc  sulfate  electrolyte  for  a  satisfactory 
operation.  The  owners  of  the  Tainton  process  assert  that  they  are 
commercially  operating  a  plant  in  England  where,  by  employing  high 
current  densities,  they  are  able  to  work  upon  an  impure  electrolyte  and 
obtain  a  satisfactory  zinc. 

C.  A.  Hansen. — Until  a  year  ago,  I  think  I  was  fairly  familiar 
with  all  of  the  work  being  done  both  in  this  country  and  abroad  on 
electrolytic  zinc,  and  I  am  absolutely  certain  that  there  is  no  question  as 
to  the  fundamental  necessity  for  pure  electrolyte.  If  I  remember 
correctly,  the  Tainton  process  is  characterized  merely  by  its  use  of  high 
current  densities  and  high  acidities.  The  behavior  of  the  zinc  cell  under 
these  conditions  has  been  covered  in  the  paper  presented.  The  high 
current  density  renders  one  relatively  independent  of  corrosion  rates 
provided  solution  temperatures  can  be  kept  low,  but  the  high  current 
density  militates  against  low  solution  temperatures. 


The  Metallography  of  Tungsten 

Discussion  of  the  paper  of  Zay  Jeffriss,  presented  at  the  Colorado  and  Milwaukee 
meetings,  September  and  October,  1918,  and  printed  in  BitUetin  No.  138,  June, 
1918,  pp.  1037  to  1092. 

Paul  D.  Merica,*  Washington,  D.  C.  (written  discussion f). — This 
paper  is  a  discussion  of  some  of  the  results  of  a  recent  investigation^  of 
Prof.  Zay  Jeffries,  and  of  his  interpretation  and  generalizations  from  these 
results.  This  work  I  have  followed  with  great  interest  and  with  appre- 
ciation of  its  value  in  clarifying  our  views  on  the  nature  of  deformation  in 
metals  and  its  relation  to  structure.  It  is  only  by  such  close  study  of 
the  relation  of  structure  to  mechanical  properties  that  we  shall  ever  be 
able  to  describe  the  latter  in  terms  of  their  ultimate  elements,  and  thus 
explain  what  are  still  mysteries  in  the  mechanical  behavior  of  metals; 
experiment  and  thought  along  these  lines  are  in  my  opinion  of  the  utmost 
value.  If  I,  therefore,  here  record  some  of  the  difficulties  I  have  expe- 
rienced in  understanding  some  of  the  generalizations  of  Prof.  Jeffries,  it  is 
only  in  order  that  perhaps  from  the  discussion  may  emerge  a  clearer 
and  more  consistent  statement  of  hypothesis  or  theory  in  explanation 
of  the  facts  discovered  by  him. 


*  Metallurgist,  U.  S.  Bureau  of  Standards. 
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Before  considering  the  author's  propositions  in  detail,  I  wish  to 
group  a  few  concepts  and  assumptions  with  which  I  here  have  to  deal. 

(1)  The  amorphous-metal  hypothesis  postulates  crystalline  and 
amorphous  metal;  the  former,  the  substance  of  the  grain  in  crystal,  the 
latter  existing  (a)  as  a  cement  between  grains,  (b)  in  metal  deformed 
below  the  re-crystallizing  temperature  range,  at  the  planes  along  which 
slip  has  occurred. 

(2)  The  amorphous  metal  at  the  grain  boundaries  and  that  formed 
at  a  slip  plane  may  or  may  not  be  identical  in  properties,  but  I  shall  make 

that  as  an  initial  assumption;  this  as- 
sumption is  tacitly  made  by  the  author. 
(3)  Each  variety  of  metal,  crystalline 
(C)  and  amorphous   (A),  has  its  own 
mechanical  characteristics,  with  three  of 
which  I  shall  be  concerned:  the  ultimate 
tensile  strength,  the  elastic  limit,  and  the 
elongation  at  rupture.     Neglecting  the 
phenomenon    of     *' necking-down"    at 
rupture,  which  is  a  consequence  of  non- 
uniformity  either  of  stress  or  of  strength 
along  the  axis  of  a  bar  in  tension,  the 
stress-strain  curves  of  C  and  of  A  metal 
may  be  assumed  to  have  the  general 
form  shown  in  Fig.  1.    The  C  metal  has 
a  definite  elastic  limit,  and  its  proper- 
ties are  directional.    The  A  metal  proba- 
bly has  no  definite  elastic  limit,  but  we 
may  assume  a  value  E^  at  which  the 
permanent  deformation  exceeds  a  cer- 
tain arbitrary  value;  the  properties  of  A 
are  not  directional,  but  depend  undoubt- 
edly upon  the  rate  or  duration  of  application  of  stress;  t.6.,  the  A  metal 
is  viscous  in  its  nature. 

(3a)  It  is  likely  that  the  elastic  limit  of  a  grain  can  be  increased  in 
any  direction,  as  Tammonn  has  shown,  by  the  gradual  exhaustion  of 
the  most  accessible  slip  planes,  but  the  ultimate  tensile  strength  of  the 
crystalline  metal  of  a  grain  in  any  direction  probably  is  a  function  only 
of  temperature.  The  curves  of  Ec  shown  in  Fig.  2  are  to  be  considered 
as  those  of  the  undef ormed  metal ;  the  values  may  be  raised  possibly  up 
to  those  of  Tc 

(4)  The  efifeict  of  temperature  on  the  shape  of  these  curves  is  to 
diminish  Ta,  Tc,  Ea,  and  Ea  and  to  increase  €a  and  tc- 

(5)  The  tensile  ductility  is  measured  by  the  amount  of  permanent 
set  per  unit  length  occurring  between  T  and  E;  it  is  undoubtedly  a  func- 


Strain 

Fio.  1. — Tensile  stress-strain 

CURVES  FOR  AMORPHOUS  (A)  AND 
CRYSTALLINE  (C)  METAL.  ThE 
ELONGATIONS  PLOTTED  ARE  THE 
PERMANENT  ONES. 
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tion  of  the  rate  of  loading  between  these  two  values  of  stress.  Exhaus- 
tion of  ductility  occurs,  as  Prof.  Jeffries  points  out,  not  because  the  metal 
cannot  be  further  plastically  deformed,  but  because  the  tensile  load  nee-* 
essary  to  produce  the  deformation  will  first  riipture  the  bar.  According 
to  Prof.  Jeffries,  the  variations  in  the  values  of  Ea  and  Ect  respectively, 
with  temperature  are  such  that  for  every  metal  (and  alloy)  there  is  a 
temperature  (ECs)  below  the  melting  point,  such  that 


above  ECe 

b^IECb 

below  ECe 


Ec  >  Ea 
Ec  =  Ea 
Ec  <  Ea 


This  is  the  equi-cohesive  temperature;  see  Fig.  2,  in  which  Ea  and  Ec 
are  shown  as  functions  of  temperature. 


Temperatore 

Fig.  2. — Equi-cohesive  temperatures  and  the  effect  of  temperature  on 

E  (undeformed)  and  r. 

(6)  I  should  like  to  call  attention  to  another  equi-cohesive  tempera- 
ture, namely,  that  at  which  the  tensile  strength  of  A  and  C  metal  are 
equal;  such  a  temperature  has  been  predicted  by  Rosenhain.*  This  is 
shown  in  Fig.  2;  ECg,  the  equi-cohesive  temperature  for  elastic  limits, 
and  ECt,  that  for  tensile  strength,  are  not  necessarily  equal. 

(7)  When  a  metal  ruptures  in  tension,  the  path  of  rupture  is  never 
straight;  it  passes  sometimes  through  the  grains  (intracrystalline)  and 


*  Walter  Roflfenhain:  "An  Introduction  to  the  Study  of  Physical  MetaUurgy. 
New  York,  1914.     D.  Van  Nostrand  Co. 
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sometimes  along  the  grain  boundaries  (intercrystalline).  The  rupture 
along  those  portions  not  perpendicular  to  the  direction  of  the  net  tension 
occurs,  very  probably,  partly  as  a  result  of  shearing  stresses.  The 
load  necessary  to  cause  fracture  is  probably  proportional  to  the  area  of 
the  path  of  rupture. 

(d)  In  any  case,  I  wish  to  make  two  assumptions  regarding  rupture: 

(a)  That  the  total  force  to  cause  rupture  is  proportional  directly  to 
area  of  its  path,  counting  sheared  areas  as  equal  in  effect  to  those  sepa- 
rated in  direct  tension. 

(6)  That  the  path  of  rupture  across  a  grain,  which  usually  appears 
to  be  straight,  but  which  may  involve  serrations  such  as  to  increase  its 
apparent  length,  is  actually  no  longer  than  the  path  around  the  boundary 
of  a  spherical  grain  of  which  the  apparent  path  is  a  diametral  plane. 

(9)  In  case  the  grain  is  elongated  perpendicular  to  the  general  direc- 
tion of  stress  and  path  of  rupture,  there  are  three  potential  paths  of 
rupture: 

(o)     Across  grain,  through  C  metal. 

(b)  Across  grain,  through  A  metal  (at  a  slip  plane). 

(c)  Around  grain,  through  A  metal. 

Rupture  will  occur  along  that  path  for  which  the  product  of  area  and  unit 
strength  is  least. 

I  wish  now  to  discuss  on  this  basis  some  of  the  propositions  suggested 
by  Prof.  Jeffries. 

(A)  On  page  1067  (Article  1),  the  author  explains  the  absence  of 
ductility  at  ordinary  temperatures  in  tungsten  consisting  of  equi-axed 
grains  as  existing  ''because  the  brittle  amorphous  phase  at  the  grain 
boundaries  permits  rupture  before  a  load  sufficient  to  deform  the  malleable 
crystalUne  phase  can  be  appUed;"  i.e.,  because  Ta  <  Ec  at  ordinary  tem- 
peratures. In  his  other  paper  (Article  2)  he  has  found  that  ECm  for 
equi-axed  tungsten  was  approximately  1350**  C.  Therefore  Ea>Ec 
below  1350°  C.  But,  since  Ta  >Ea,  therefore  Ta  >Ec  below  1350°  C, 
a  conclusion  which  is  the  exact  opposite  of  the  one  assumption  used  above. 

This  contradiction  may  be  explained,  possibly,  by  the  fact  that  the 
equi-cohesive  temperatures  which  Prof.  Jeffries  determined'  are  not  the 
equi-cohesive  temperatures  as  he  defines  them  on  p.  311  of  the  same 
article.  Reference  to  Fig.  1  will  illustrate  this;  the  two  curves  are  the 
stress-strain  curves  of  A  and  of  C  metal  at  a  temperature  (t),  above  the 
equi-cohesive  temperature  ECbj  as  defined  on  p.  311  by  the  author; 
i.e.f  such  that  Ec  <  Ea  and  t  <  ECb-  Yet  at  a  stress,  iSi,  the  permanent 
set  of  the  crystalline  metal  is,  however,  greater  than  that  of  the  amor- 
phous metal;  it  will  be  observed  that  it  is  the  temperature  at  which,  for 
a  given  stress,  the  permanent  deformations  of  A  and  C  metal  are  equal, 

» Jfd.  Am.  Inst.  Met.  (1917)  11,  312. 
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which  the  author  determines  and  calls  equi-cohesive  temperature  (p. 
312). 

To  explain  lack  of  ductility  of  equi-axed  tungsten  along  the  general 
line  of  the  author's  explanation,  we  might  then  assume  that  at  ordinary 
temperatures  we  are  above  ECs)  not  below  it. 

(B)  On  p.  1071  (Article  1),  the  author  says,  "The  underlying  reason 
for  the  loss  of  ductility  by  working  a  metal  at  a  certain  temperature  be- 
low its  annealing  temperature"  {EC  probably)  ''and  the  regaining  of 
ductility  by  cooling  to  some  lower  temperature,  is  that  the  amorphous 
phase  of  any  metal  will  increase  in  cohesion  on  cooling,  at  a  faster  rate 
than  the  crystalline  phase."  I  believe  that  this  is  not  quite  accurately 
stated;  the  necessary  conditions  to  produce  this  effect  are  not  so  simple. 
They  appear  to  me  to  be  as  follows: 

(1)  Since  the  strength  of  the  A  metal  is  to  determine  the  ductility, 
fracture  must  take  place  through  it;  i.e., 

where  4>a  and  </»(?  are  the  areas  of  the  potential  paths  of  rupture  through 
A  and  C  metal,  respectively. 

(2)  But  the  fact  is  established  that  fracture  takes  place  across  a  de- 
formed grain;  i.e.,  through  A  metal,  at  slip  planes  either  in  tungsten 
(see  p.  1067)  or  in  other  metals  below  EC. 

(3)  Therefore  4>a  =  <l>c  (approx.)  and  T^  <  Tc 

(4)  The  condition  for  the  exhaustion  of  ductility  is  not  that  the 
"cohesion"  of  A  and  of  C  become  equal,  but  that  I  a  is  not  equal  to  nor 
greater  than  Ec- 

(5)  In  order  that  the  ductility  of  deformed  meta^may  reappear  upon 
lowering  the  temperature,  the  quantity  {T^—Ec)  must  increase  with  this 
lowering. 

These  conditions  are  represented  in  Fig.  2,  and  are  quite  possible  ones; 
in  fact  the  author's  hypothesis  could  quite  well  fix  the  case  of  tungsten. 
But  it  is  to  be  observed  that  condition  (3)  would  require  that  in  any 
metal  within  the  temperature  range  within  which  ductility  after  deforma- 
tion was  restored  upon  lowering  the  temperature,  fracture  should  occur 
within  the  same  temperature  range  in  an  equi-axed  grain  at  the  grain 
boundaries:  i.e.,  this  range  is  above  ECt* 

But  this  is  not  true  of  gold,  silver  and  copper,  in  which  this  identical 
phenomenon  occurs.  In  these  metals,  at  those  temperatures,  Ta  >  Tcj 
and  the  amorphous  metal  does  not  determine  strength  nor  ductility. 

(C)  There  is,  however,  a  further  contradiction  in  the  author's  views 
to  which  I  wish  to  call  attention.  On  p.  1067  (Article  1)  he  says  that 
fibrous  tungsten  "is  ductile  because  the  grain  distortion  by  working 
arranges  the  grain  boundaries  in  such  a  manner  that  the  resistance  to 
rupture  along  them  is  so  great  that  rupture  is  forced  to  take  place  through 
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the  deformed  grains  themselves."  In  other  words,  eqiii*axed  tungsten 
is  brittle  because  <^aTa.  <  <t>cEc,  where  <t>A  =  4>c  approx.  When  the  grains 
are  elongated,  <f>A  becomes  large  enough  that  0^7^  >  itfcEc,  and  the 
fracture  takes  place  across  the  grain.  Now,  on  the  basis  of  assumption 
(2)  above,  this  fracture  cannot  be  through  A  metal;  for  we  should  have, 
in  that  case,  <t>A^TA  (of  fibrous  grains)  >  <I>a^Ta  (of  equi-axed  grain). 

But  (l>Ai  =  <t>A^  (approx.)  if  the  path  of  rupture  is  across  grain;  there- 
fore Ta  >  Ta,  an  obvious  absurdity.  Therefore,  axial  fracture  in 
fibrous  tungsten  must  be  through  the  crystalline  metal;  i.e.,  Ta  >  Tq. 
But  this  contradicts  the  assumption  (1)  under  (B),  necessary  to  explain 
the  regaining  of  ductility  of  deformed  tungsten  upon  lowering  the 
temperature. 

These  are  some  of  the  diflBiculties  I  have  experienced  in  reconciling 
the  various  views  of  Prof.  JefiFries,  which  lead  me  to  wonder  whether  we 
niust  not  examine  more  closely  into  the  tacit  assumptions  which  are 
made  in  developing  such  hypotheses,  and  also  into  the  exact  nature  of 
deformation,  before  we  may  attempt  to  generaUze  to  any  too  great  extent. 
Such  questions  as  the  following  must  receive  more  thorough  attention: 

(1)  Is  amorphous  metal  the  same  in  properties  whether  at  slip  planes 
or  at  grain  boundaries? 

(2)  What  is  the  actual  shape  and  area  of  a  fracture  across  a  grain; 
in  other  words  how  serrated  is  this  path? 

(3)  Does  fracture  across  a  grain  occur  within  crystalline  or  within 
amorphous  metal? 

(4)  What  is  the  nature  of  the  resistance  to  plastic  deformation  within 
a  grain?  This  resistance  would  seem  to  be  in  reality  a  very  complex 
function. 

I  believe  the  recent  experimental  results  of  Prof.  Jeflfries,  as  well  as 
those  of  other  investigators  whom  he  has  quoted,  can  contribute  much 
to  the  elucidation  of  these  specific  questions. 

J.  C.  W.  HuMFREY,*  Sheffield,  England  (written  discussionf).-" 
Prof.  Jeffries'  paper  gives  a  very  complete  description  of  the  metallurgj' 
of  tungsten,  the  details  of  which  afford  a  striking  illustration  of  the  ap- 
plication of  scientific  principles  in  overcoming  practical  difficulties  of 
manufacture.  In  addition  to  this  practical  side,  it  deals  with  two  phe- 
nomena of  great  theoretical  importance  and  of  general  metallographic 
interest,  viz. : 

(a)  Grain  growth  in  metals. 

(6)  The  significance  of  intercrystalline  cohesion. 

It  is  chiefly  with  the  second  of  these  two  subjects  that  I  propose  to 
deal  in  the  following  remarks. 

*  Admiralty  Inspection  Officer, 
t  Received  Sept.  28,  1918. 
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On  page  1066  the  author  states  that  he  accepts  the  amorphous 
boundary  theory,  viz.,  that  the  crystals  in  a  mass  of  metal  are  joined  to 
one  another  by  a  cement  of  the  same  metal,  in  the  amorphous  or  non- 
crystalline state.  Agreeing,  as  I  also  do,  with  the  validity  of  this  theory, 
I  am  unable  to  accept  certain  of  the  interpretations  he  puts  upon  it, 
or  to  follow  his  arguments  as  to  the  manner  in  which  his  experimental 
data  may  be  taken  as  a  confirmation  of  its  truth. 

The  author  appears  to  consider  the  amorphous  cement  as  occupying 
a  volume  in  the  mass  comparable  with  that  of  the  crystals,  and  deals 
with  the  mechanical  properties  of  the  mass  as  if  the  two  phases  were 
distinct  from  one  another  and  possessed  Uttle  or  no  mutual  adhesion. 
His  comparison  of  the  structure  of  tungsten  with  a  mass  of  iron  crystals 
embedded  in  glass  is  not,  I  think,  a  very  happy  one,  nor  is  it  indicated 
either  by  the  mechanical  properties  of  metals  in  general  nor  of  this  one 
in  particular. 

In  a  paper  (which  he  quotes  in  the  bibliography.  No.  33)  I  put  for- 
ward a  theory  based  on  the  view  that  the  amorphous  cement  owes  its 
origin  to  the  impossibility  of  two  differently  oriented  crystals  fitting 
exactly  into  one  another,  and  the  consequent  existence  of  a  certain  range 
of  atoms  between  them  which,  since  they  are  being  constrained  by  each 
crystal  in  a  different  manner,  are  forced  to  take  up  some  irregular  group- 
ing between  the  two.  According  to  this  theory,  there  is  no  sharp  line  of 
demarcation  between  crystalline  and  amorphous,  and  the  one  must  merge 
gradually  into  the  other.  The  whole  thickness  of  the  disturbed  layer 
is  of  molecular  rather  than  of  microscopic  dimensions,  and,  while  the 
amorphous  envelopes  are  incapable  of  plastic  deformation,  yet  they  are 
capable,  in  consequence  of  their  extreme  thinness,  of  considerable  dis- 
tortion relative  to  the  crystals  they  surround  by  means  of  elastic  bending. 

In  all  metals  which  are  at  temperatures  considerably  below  that  of 
their  melting  points,  the  amorphous  phase  is,  as  is  illustrated  in  the 
author's  Plate  3  (page  1072),  of  such  an  extremely  viscous  nature  as  to 
be  incapable  of  plastic  deformation,  but  to  possess  very  considerable 
tenacity  or  cohesion.  If,  therefore,  we  accept  the  author's  theory  that 
the  intercrystaUine  fracture  of  his  tungsten  is  due  to  the  brittleness  of 
the  amorphous  cement,  then  such  a  form  of  fracture  should  be  the  rule 
rather  than  the  exception  in  other  metals.  The  paper  refers  to  one  other 
case  only,  viz.,  iron  at  the  temperature  of  liquid  air;  but  the  author  does 
not  state  whether  he  has  obtained  direct  experimental  confirmation  of 
the  fact,  nor  does  he  quote  any  authority  to  support  it.  In  Hadfield's 
paper  (No.  38  in  the  bibliography),  while  it  was  shown  that  iron  was 
brittle  at  this  low  temperature,  yet  I  can  find  no  reference  as  to  whether  the 
brittle  fractures  followed  the  crystal  boundaries  or  the  crystal  cleavages. 
Since,  however,  the  brittleness  was  accompanied  by  a  high  tenacity,  I 
should  prefer  to  assume  the  latter  rather  than  the  former. 
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When  a  metal  tends  to  fracture  around  rather  than  through  the 
crystals,  it  must  surely  be  an  indication  that  the  tenacity  of  the  cement 
is  less  than  that  of  the  crystals,  and,  provided  the  thickness  of  the  cement 
insufficiently  small,  its  lack  of  plastic  ductility  does  enter  into  the  matter. 
All  metals  in  their  normal  state  tend  to  fracture  around  the  crystals 
when  at  temperatures  just  below  those  at  which  they  freeze  (bibli- 
ography, No.  31).  In  this  range,  the  amorphous  cement  is  more  capable 
of  plastic  deformation  than  the  crystalline,  but  possesses  considerably 
less  tenacity.  Below  the  temperatures  which  the  author  terms  those 
of  '^equi-cohesion,"  the  fractures  change  to  cleavage.  If,  at  still  lower 
temperatures,  the  fractures  again  reverted  to  intercrystalUne,  then  it 
would  have  to  be  assumed  that  the  tenacity  of  the  amorphous  phase  had 
begun  to  decrease  with  temperature,  or  at  least  to  increase  at  a  lower  rate 
than  the  crystalline,  and  that  the  two  curves  in  the  author's  Plate  3 
again  crossed  one  another.  Such  a  reversion  is  most  imlikely,  and 
opposed  to  all  our  experimental  knowledge. 

We  do,  however,  know  of  cases  in  which  certain  metals,  which 
normally  break  through  the  crystals,  may  be  so  altered  in  character 
as  to  tend  to  break  around  them.    Typical  examples  of  this  are: 

(a)  Gold  containing  small  percentages  of  bismuth.  It  has  been 
shown  that  the  weakness  is  due  to  the  presence  of  a  fragile  gold-bismuth 
eutectic.^ 

(6)  Pure  iron  which  has  been  annealed  at  certain  temperatures  sDud 
in  certain  atmospheres,  and  slowly  cooled  through  a  certain  range.  In 
this  case  there  is  evidence  to  indicate  that  the  weakness  is  due  to  the 
formation  of  an  iron-oxide  eutectoid.^ 

(c)  Nickel-chrome  and  certain  other  alloy  steels,  when  hardened  by 
quenching,  annealed  below  the  critical  range,  and  then  allowed  slowly  to 
cool  through  a  range  of  temperature  in  the  neighborhood  of  500®  C. 
In  this  case  there  is  as  yet  no  experimental  evidence  to  indicate  what  is  the 
important  factor,  but  the  general  nature  of  the  phenomena  again  points 
to  the  formation  of  a  eutectoid.* 

In  the  above  examples  it  would  appear  that,  contrary  to  the  normal 
amorphous  cement  being  responsible  for  the  intercrystalUne  weakness,  it 
is  rather  the  fact  that  the  presence  of  some  foreign  material  between  the 
crystals  has  interfered  with  its  proper  formation.  It  is  suggested  that 
it  is  to  some  similar  interfering  agent  that  the  weakness  found  in  tungsten, 
as  made  by  the  process  now  employed,  should  more  properly  be  ascribed. 

^  J.  O.  Arnold  and  J.  Jefferson :  Influence  of  Small  Quantities  of  ImpuritieB  on 
Gold  and  Copper.     Engineeriiig  (Feb.  7,  1896)  61,  176-179. 

*  J.  C.  W.  Humf rey :  The  Intercrystalline  Fracture  of  Iron  and  Steel.  CamegU 
Schdqrship  Memoira^  Iron  and  Steel  Inst.  (1912)  4,  80-105. 

'H.  P.  Philpott:  Some  Experiments  on  Notched  Bars.  March,  1918,  meetingi 
Inst,  of  Automobile  Engrs.     Will  probably  be  published  in  Proceedings  (1918-19)^12. 
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Future  researches  will,  I  think,  find  a  method  of  preparing  metallic 
tungsten  which  shall  be  free  from  such  weakness  and  have  mechanical 
properties  in  Une  with  those  of  other  metals.  The  preparation  of  such 
material  would  be  of  great  practical  importance  and  would  well  repay  the 
labor  of  a  lengthy  investigation. 

It  is  fairly  obvious  that  severe  deformation  by  such  processes  as  wire 
drawing  or  swaging  will  tend  to  strengthen  a  metal  which  originally 
lacks  intercrystalline  cohesion,  since  it  must  result  in  a  certain  amount  of 
dovetailing  of  the  crystals  into  one  another.  If,  however,  it  is  assumed 
that  the  original  brittleness  was  due  to  the  presence  of  the  amorphous 
cement,  it  would  appear  that  the  contrary  would  be  the  case,  since  many 
additional  planes  of  weakness  would  be  produced  by  the  formation  of 
amorphous  matter  in  the  slip  planes. 

Cold  working  of  a  metal  must  necessarily,  I  think,  be  accompanied 
by  the  formation  of  internal  stresses,  partly  due  to  unequal  external 
loading,  partly  to  the  difference  in  resistance  offered  by  the  crystals  and 
the  amorphous  matter  surrounding  them  and  formed  during  deformation, 
and  partly  to  varying  plasticities  of  different  crystals,  owing  to  the  way 
they  are  oriented  to  the  main  axes  of  strain.  When  a  certain  degree  of 
deformation  has  been  given,  the  internal  stresses  at  certain  places  may 
rise  to  that  of  the  maximum  tenacity  of  the  metal.  Further  deformation 
at  the  same  temperature  must  then  immediately  lead  to  internal  rupture; 
this  is  the  state  of  maximum  tenacity  which  can  be  produced  in  the 
metal  by  cold  work.  If,  however,  the  temperature  of  the  metal  be 
reduced,  the  tenacities  of  both  the  crystalline  and  the  amorphous  phases 
are  increased,  and  further  deformation  may  now  be  applied  before 
the  internal  stresses  again  become  equal  to  the  tenacities,  i.e.,  the  metal 
has  acquired  additional  ductility.  This  explanation  is  applicable  to  all 
metals,  including  tungsten,  and  is  independent  of  the  relative  tenacities 
of  the  crystalline  and  amorphous  phases,  provided  only  that  both  in- 
crease with  falling  temperature. 


The  Condensation  of  Zinc  from  Its  Vapor 

Discussion  of  the  paper  of  C.  H.  Fulton,  presented  &t  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BtiUetin  No.  140,  August,  1918,  p.  1375. 

E.  E.  Thum,*  Salt  liake  City,  Utah  (Written  discussion  f). — Dr. 
Pulton's  paper  sheds  a  great  deal  of  light  upon  questions  which  have 
perplexed  many  who  have  studied  the  metallurgy  of  zinc,  and  have  fruit- 
lessly brought  forth  several  hypotheses  and  reams  of  discussion.  It  would 
be  a  bright  day  if  others  would  follow. Dr.  Fulton's  example,  for,  as  a 

*  Western  Editor,  Chemical  and  Metallurgical  Eiiqineering. 
t  Received  Sept.  28,  1918. 
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prominent  metallurgist  recently  said,  the  zinc  smelters'  adherence  to  old 
practices  is  not  so  much  for  the  reason  that  no  research  has  been  under- 
taken, for  a  great  deal  has  been,  but  rather  because  the  results  have  not 
been  published. 

On  page  1383,  Dr.  Fulton  states  that  carbon  dioxide  in  excess  of  1 
per  cent,  is  not  found  in  the  gases  distilled  above  the  carbon-reduction 
temperature;  yet  in  Table  1,  page  1380,  we  find  in  experiment  8b,  at  per- 
haps 1500®  C,  that  CO2  is  given  as  2.5  per  cent.  Other  results,  notably 
experiment  12c  at  1500**  C,  show  higher  percentages  of  carbon  dioxide. 
Dr.  Fulton  refers  to  this  1  per  cent,  carbon  dioxide  maximum  several 
times  later  in  the  paper,  apparently  at  some  discrepancy  with  his  experi- 
mental results. 

On  page  1393,  Dr.  Fulton  states  that  the  reaction  2C0  ±^  COi  +  C 
proceeds  from  left  to  right  much  more  rapidly  at  500°  than  at  700®. 
That  is  true,  of  course,  since  CO2  is  the  usual  form  at  low  temperature; 
yet  on  page  1383,  in  discussing  the  effect  of  carbon  dioxide  on  the  con- 
densation, he  states  that  at  the  end  of  the  distillation  the  proportion  of 
dioxide  increases,  particularly  when  the  temperature  is  high  (above 
1400°),  the  monoxide  suffering  decomposition  into  carbon  dioxide 
and  carbon.  That  is  a  point,  it  seems  to  me,  that  Dr.  Fulton  would  do 
well  to  elucidate  at  some  length.  The  reaction  he  indicates  is,  of  course, 
a  reversible  reaction,  and  the  equiUbrium  concentration-temperature 
diagram  has  been  well  worked  out,  showing  that  carbon  dioxide  is  stable 
at  low  temperature,  but  reverts  to  carbon  monoxide  at  higher  tempera- 
tures. Now,  if  that  reaction  again  reverses  at  1000**  C.  and  higher,  it 
would  be  a  rather  peculiar  reaction  and  of  a  type  which  is  not  at  all 
common  in  physical  chemistry,  since  highest-temperature  decomposition 
of  carbon  monoxide  might  produce  carbon  and  oxygen  rather  than  carbon 
dioxide  and  carbon. 

Dr.  Fulton  says  that  his  experiments  were  conducted  under  rigorous 
conditions  to  determine  the  gas  from  the  distillation  chamber.  He 
states  that  "For  this  purpose,  porcelain  and  quartz  tubes  were  used, 
having  been  demonstrated  to  be  tight  and  refractory  enough  for  the 
temperatures  employed."  These  at  times  reached  1500°  C.  One  who 
is  familiar  with  the  rapid  deterioration  of  platinum  thermocouples  in 
reducing  atmospheres  at  1500°  C,  even  when  protected  by  the  best 
fused-quartz  tubes,  would  doubtless  be  glad  to  be  reassured  as  to  this 
point.  Doubtless  Dr.  Fulton  will  give  us  detailed  information  as  to  the 
tests  he  made  to  establish  the  imperviousness  of  his  tubing,  especially 
since  AUeman  and  Darlington,  of  Swarthmore  College,  were  forced  t-o 
great  extremes  before  they  were  able  to  construct  a  furnace  that  was 
gas  tight  at  such  high  temperatures.^    These  two  scientists  ascribe 

n  and  C.  J.  Darlington:  Occluded  Gases  in  Ferrous  Alloys.    Jfd. 
(Feb.,  1018)  185,  161,  33S,  461. 
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much  of  the  variation  in  pubUshed  results  on  occluded  gases  in  metals 
to  insufficient  precautions  to  insure  against  leakage  of  gases  through  the 
walls  of  the  apparatus  in  use. 


The  Manufacture  of  Ferro-alloys  in  the  Electric  Furnace 

Discussion  of  the  paper  of  Robert  M.  Kbenet,  presented  at  the  Ck>lorado  meeting, 
September,  1918,  and  printed  in  Bulletin  No.  140,  August,  IdlS,  pp.  1321  to  1373. 

E.  S.  Bardwell,*  Great  Falls,  Mont,  (written  discussionf). — There 
are  several  points  in  connection  with  the  manufacture  of  ferromanganese 
in  the  electric  furnace  which  it  seems  to  me  might  prove  of  interest  in 
this  connection.  Recent  observation  of  a  number  of  electric  furnaces 
varying  considerably  in  size  and  transformer  capacity,  and  all  working 
under  the  same  conditions,  shows  the  small  furnaces  to  be  much  more 
efficient  in  operation  than  the  large  furnaces. 

The  furnaces  examined  were  all  of  the  same  type.  The  crucibles 
consisted  of  tanks  varying  in  size  from  7}'^  by  15  ft.  by  4}^^  ft.  deep,  to 
12  by  20  ft.  by  9  ft.  deep,  with  linings  formed  of  carbon  electrode  butts. 
The  smaller  furnaces  had  transformer  capacity  rated  at  1500  k.v.a.; 
the  largest  furnace  had  a  transformer  rated  at  3000  k.v.a.  All  of  the 
furnaces  were  operated  on  three-phase,  60-cycIe  current,  the  three 
electrodes  being  in  a  straight  line.  The  voltages  varied  from  65  volts 
in  the  smaller  to  100  volts  in  the  larger  furnaces.  The  charges  con- 
sisted of  manganese  ore,  coal,  iron  turnings,  and  limestone  in  proper 
proportions. 

The  small  furnaces,  operating  at  low  voltage,  were  making  good 
recoveries.  The  slag  loss  was  low  and  the  volatilization  loss  almost  nil. 
The  larger  furnaces,  operating  at  higher  voltages,  showed  increased  loss 
of  manganese  in  the  slag  and  greatly  increased  volatilization  loss  when 
working  on  the  same  charges  as  the  smaller  furnaces,  or  on  charges 
similarly  calculated. 

The  exact  reasons  for  this  state  of  affairs  are  difficult  to  state;  a 
number  of  factors  probably  contribute  to  the  results  obtained  in  the 
large  furnaces.  First  as  to  the  effect  of  the  higher  voltage  on  manganese 
content  of  the  slags.  Increasing  the  voltage  of  the  furnaces  apparently 
tends  to  promote  irregular  working.  The  current  takes  the  path  of 
least  resistance;  this  means  superheating  in  certain  areas  in  the  crucible 
and  insufficiently  high  temperatures  in  adjoining  areas.  The  partially 
reduced  manganese  in  the  cooler  areas  passes  into  the  slag  and  escapes 
further  reduction. 


*  Metallurgist,  Anaconda  Copper  Mining  Co. 
t  Received  Sept.  20,  1918. 


1652  DisctTssioN:  Colorado  meeting,  1918 

As  to  the  effect  of  the  higher  voltages  on  volatilization  losses,  it  is 
clear  that  the  result  of  the  excessively  high  local  temperatures  will  be  to 
augment  volatilization.  Furnaces  operating  at  the  higher  voltages  are 
also  subject  to  the  formation  of  accretions  consisting  of  carbide  and 
graphite,  which  tend  to  form  with  an  excess  of  carbon.  The  formation 
of  carbide  robs  the  charge  of  a  portion  of  its  lime,  rendering  the  slag 
composition  very  different  from  that  calculated  and  desired.  The 
electrodes  are  forced  up,  and  volatilization  is  still  further  increased.  The 
presence  of  carbide  and  graphite  in  the  furnaces  working  at  the  higher 
voltages  points  to  the  existence  of  higher  temperatures  in  these  furnaces 
than  in  those  operating  at  lower  temperatures.  The  small  furnaces 
rarely  show  signs  of  accretions,  although  both  carbide  and  graphite  are 
formed  in  them  to  a  limited  extent. 

The  advantages  to  be  gained  from  having  a  large  unit  are  obvious, 
although  there  is  much  to  be  said  in  favor  of  a  nmnber  of  smaller  units. 
Assuming  for  the  moment  that  a  large  furnace  is  desired,  let  us  consider 
the  voltage  to  be  employed.  It  is  evident  that  the  large  furnace  possesses 
no  advantage  over  the  small  furnace  unless  we  can  get  proportional  or 
more  than  proportional  production  from  it.  Output,  of  coimse,  is 
dependent  on  power  input.  If  we  represent  the  current  by  /,  the  voltage 
between  phases  by  E,  and  the  reactance  and  impedance  by  X  and  Z 
respectively,  we  may  write  the  following  equations: 

ET 

/  =  -7  — »  Z  =  VX^  +  R\   Paw&r  input  ^  y/ZElX  (power  fadar). 

Examining  the  first  equation,  we  see  that  the  current  input  may  be 
increased  either  by  increasing  E  or  by  decreasing  Z.  Experiments  have 
shown  that  in  any  given  furnace  the  reactance,  X,  is  a  constant  for  all 
except  the  very  lightest  loads;  hence  any  decrease  in  the  resistance, 
according  to  the  second  equation,  will  result  in  a  decrease  in  the  impe- 
dance and  a  corresponding  increase  in  the  current  and  power  input. 

The  resistance  of  the  charge  may  be  decreased  by  substituting  coke 
for  a  part  or  for  all  of  the  coal.  If  this  is  done,  and  if  the  voltage  be 
kept  reasonably  low,  it  should  be  possible  to  obtain  increased  power  input 
and  steadier  operating  conditions  than  are  obtainable  on  the  higher- 
voltage  furnace. 

R.  Korten^  gives  some  interesting  data  regarding  the  melting  of  ferro- 
manganese  in  the  electric  furnace,  particularly  in  the  Keller  furnace. 
He  states  that  melting  without  loss  of  manganese  by  volatilization  is  most 
certain  if  low  voltage  is  employed,  that  the  arc  must  be  short,  and  the 
hearth  offer  as  large  a  surface  as  possible.  A  uniform  heating  over  a  large 
surface  and  not  an  intense  heating  over  a  small  surface  should  be  sought. 

While  conditions  are  not  exactly  the  same  in  electric  furnaces  for 

^  Stahl  und  Eisen  (March  14,  1912)  88,  426. 
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the  smelting  of  manganese  ores,  my  experience  has  been  that  better 
results  are  obtained  where  low  voltages  are  employed  and  when  the 
power  input  is  properly  proportioned  to  the  size  of  furnace  employed. 

As  to  the  subject  of  slags,  when  treating  Montana  carbonate  ore 
containing  36.8  per  cent.  Mn  and  6.79  per  cent.  SiOs,  using  coal  as  reducing 
agent  and  marble  as  flux,  it  has  been  found  possible  to  keep  the  slag  loss 
below  3  per  cent,  of  the  manganese  in  the  ore.  The  average  slag  analysis 
over  a  period  of  a  week  was  as  follows:  Mn,  4.26;  SiO«,  34.37;  AljOj, 
7.93;  CaO,  44.83;  MgO,  4.10;  BaO,  0.88  per  cent. 

This  result  is  extremely  good  when  compared  with  the  slag  losses 
quoted  by  Mr.  Keeney,  which  vary  from  12  to  25  per  cent.  Results 
like  these  are  easy  to  get  in  small  furnaces  working  at  low  voltages.  I 
feel  confident  that  we  shall  be  able  to  duplicate  them  in  the  large  furnaces 
after  sufficient  study. 

The  greatest  problem  that  we  have  to  solve  is  the  reduction  of  the 
volatilization  losses.  We  know  that  it  is  possible  to  keep  this  loss  low 
in  the  small  furnaces,  and  doubtless  a  more  thorough  understanding  of 
furnace  conditions  will  enable  us  to  solve  the  problem  in  the  case  of  the 
larger  units. 

H.  W.  GiLLBTT,*  Washington,  D.  C.  (written  discussion  f). — It 
would  be  very  interesting  if  Mr.  Keeney  would  give  the  phosphorus 
content  of  the  ores  and  slags,  as  well  as  of  the  alloys,  in  Table  2  relating 
to  ferromanganese,  so  that  one  could  compute  how  much  of  the  phos- 
phorus in  the  ore  went  to  the  metal,  how  much  to  slag,  and  how  much, 
if  any,  was  lost  by  volatilization.  In  this  connection  it  would  be 
desirable  to  know  also  the  dimensions  of  the  furnace,  especially  the  height 
of  the  column  of  charge. 

Some  recent  experiments  have  indicated  that,  by  deviating  somewhat 
from  established  practice,  it  may  be  possible  to  eliminate  a  large  pro- 
portion of  the  phosphorus  from  a  high-phosphorus  ore,  and  one  would 
like  to  know  just  how  much  of  the  phosphorus  is  retained  in  the  alloy 
in  regular  practice. 

Has  any  feasible  method  actually  been  tested  for  the  dephosphori- 
zation  of  a  high-phosphorus  ferromanganese? 

On  p.  1360  the  conclusion  is  drawn  that,  for  a  ferro-uranium  to  con- 
tain any  uranium,  the  carbon  must  be  over  2.5  per  cent.,  and  to  hold  any 
large  amount  of  uranium,  the  carbon  must  be  over  3.5  per  cent.  However, 
ferro-uranium  has  been  made^  containing  50  to  70  per  cent.  U  and  imder 
2  per  cent,  of  carbon.  This  was  produced  by  using  an  excess  of  UOj  over 
carbon  in  the  charge.     Keeney's  conclusion  that  the  carbon  content  of 

•  Chem.,  U.  8.  Bur  of  Mines, 
t  Received  Sept.  27,  1918. 

'H.  W.  Gillett  and  £.  L.  Mack:  Preparation  of  Ferro-uranium.  Bureau  of 
Mines,  Tech.  Paper  177  (1917)  27. 
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the  alloy  cannot  be  controlled  by  the  amount  of  carbon  in  the  charge  seems 
to  be  based  on  experiments  with  sodium  uranate  rather  than  with  uranium 
oxide. 

It  will  be  noted  in  Table  32  that  runs  No.  97  and  98  show  a  recovery 
in  steel  respectively  of  100  and  118  per  cent,  of  the  U  in  the  ferro-uranium 
added.  Runs  No.  116,117,1 18,  made  under  quite  comparable  conditions, 
show  64,  9  and  41  per  cent,  recovery. 

No  account  of  the  method  of  sampling  the  steel,  or  of  the  method  for 
chemical  analysis  of  U  in  the  steel,  is  given.  The  discrepancies  referred 
to  may  possibly  be  explained  by  segregation  of  U,  or  by  analytical  error. 
Several  workers  had  ill  success  with  titration  methods  for  the  determina- 
tion of  U  in  steel,  and  in  the  preparation  of  50-lb.  billets  of  uranium  steels 
of  varying  compositions,  pronounced  segregation  of  U  has  been  found 
to  be  the  rule  rather  than  the  exception,  even  when  most  earnest  pre- 
cautions were  taken  to  prevent  it.  There  is  no  question  that  it  is 
difficult  to  cause  a  large  proportion  of  the  added  U  to  be  taken  up  by  the 
steel,  but  quantitative  figures  on  recovery  may  be  greatly  in  error  unless 
the  absence  of  segregation  of  U,  which  might  affect  the  sampling,  is 
proved. 


Electrostatic  Precipitation 

Discussion  of  the  paper  of  O.  H.  Eschholz,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  BuUeiin  No.  140,  August,  1918,  p.  1293. 

Harmon  F.  Fisher,  *  New  York,  N.  Y. — Mr.  Eschholz  discusses  the 
particular  case  of  large  precipitators  installed  in  connection  with  lai^ 
metallurgical  operations,  and  receiving  their  high-potential  energy 
through  the  conversion  of  alternating  current  to  direct  current  by  means 
of  the  mechanical  rectifier.  He  classifies  these  mechanical  rectifier 
installations,  according  to  source  of  power,  as  follows: 

System  A. — Applications  utilizing  individual  alternating-current  generators, 
either  single-phase  or  polyphase,  installed  exclusively  for  furnishing  energy  to  one 
or  more  transformer-rectifier-precipitator  units. 

System  B. — Applications  having  no  special  alternating-current  generators,  but 
utilizing  the  existing  alternating-current  industrial  or  lighting  mains  to  supply  the 
energy  to  one  or  more  transformer-rectifier-precipitator  units. 

System  C. — Applications  receiving  their  energy  from  high-tension  power  circuita 
supplied  directly  to  potential  regulator-rectifier-precipitator  units. 

I  do  not  intend  here  to  enter  upon  a  detailed  technical  discussion  of 
the  foregoing  classes,  which  would  really  interest  only  the  manufac- 
turers of  electrical  apparatus  and  the  electrical  engineers.  A  brief 
general  discussion  follows: 

♦Division  Engineer,  Electrical  Engineering  Division,  Research  Corporation. 
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System  A 

Remembering  that  the  paper  under  discussion  is  confined  entirely  to 
precipitation  installations  as  applied  to  large  metallurgical  plants,  the 
author  is  undoubtedly  correct  in  stating  that  system  A-1  is  at  present 
the  most  widely  used  in  these  applications.  In  this  case,  a  generator  is 
installed  exclusively  for  the  purpose  of  furnishing  energy  to  one  trans- 
former-rectifier-precipitator  set,  thus  permitting  the  greatest  flexibility 
in  operating  control.  By  reason  of  this  flexibility,  it  may  be  possible, 
in  a  few  instances,  to  improve  slightly  on  the  dust  recovery  attainable 
with  the  simpler  installations  listed  under  system  B,  but  as  a  general  rule, 
the  simpler  installations  can  be  adjusted  to  give  any  degree  of  clearance 
desired.  A  system  utilizing  individual  generators  does  not,  in  our 
opinion,  afford  any  greater  continuity  of  operation  than  is  possible  with 
the  simpler  installations. 

System  B 

It  is  our  opinion  that,  of  the  three  systems  outlined  in  the  original 
paper,  the  simplest  arrangement  is  that  of  system  B. 

Considering  precipitation  as  applied  to  all  industries,  undoubtedly 
this  is  and  will  remain  the  most  widely  applied  system.  It  is  recognized 
that  it  should  not  be  applied  to  an  existing  power  main  having  an  energy 
capacity  but  slightly  in  excess  of  the  precipitation  demands,  nor  on  a 
power  main  subject  to  violent  fluctuations. 

The  author  states  that  voltage  control  is  obtained  by  means  of  a 
series  resistance  in  the  primary  circuit  of  the  transformer.  There  appears 
to  be  some  confusion  on  this  point;  voltage  control  is  intended  to  be 
obtained  by  transformer  primary  taps.  A  certain  amount  of  voltage 
control  can  be  obtained  by  varying  the  resistance  in  the  transformer 
primary,  but  a  distinctly  separate  and  valuable  property  of  this  resistance 
must  not  be  overlooked;  namely,  it  helps  to  absorb  the  energy  of  the 
surges  and  oscillations  which  the  rectifier-precipitator  load  impresses 
upon  the  transformer  circuit. 

Most  modem  industrial  lighting  and  power  circuits  have  fairly 
close  voltage  regulation;  hence,  in  only  abnormal  cases  will  there  be 
severe  variations  in  the  supply  line  which  may  prove  detrimental  to 
precipitator  operation. 

The  effect  of  multiple-parallel  transformer-rectifier-precipitator 
operation  on  voltage  distortion  will  generally  be  more  pronounced  in 
system  A  than  in  system  B.  The  effect  on  other  industrial  and  lighting 
apparatus  on  the  same  circuit,  the  hazard  to  life  and  equipment  caused 
by  reflection  of  high  voltage  surges  on  the  line,  etc.,  are  rather  remote 
possibilities,  particularly  if  the  same  auxiliary  protection  is  installed 
that  Mr.  Eschholz  mentions  in  the  final  paragraph  under ''  Other  Systems." 
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It  may  be  mentioned  that  cases  are  on  record  where,  on  account  of 
faulty  operation,  individual  generator-transformer-rectifier  sets  have 
been  replaced  by  synchronous  motor-driven  rectifier-transformer  sets 
operating  directly  off  the  main  low-potential  power  supply  line,  with 
greatly  improved  operation. 

System  C 

This  system,  utilizing  energy  directly  from  a  high-potential  alter- 
nating-current main,  has  never  been  seriously  appUed,  to  our  knowledge. 
Besides  having  no  advantages  and  being  very  awkward  to  operate,  it  would 
have  many  disadvantages  over  the  two  systems  already  discussed. 

Rectification  and  Electrode  Vibration 

As  stated  in  the  original  paper,  one  of  the  sturdiest^  and  most  reliable 
pieces  of  apparatus  in  use  to-day  is  the  modem  high-tension  transformer. 
Under  even  the  most  severe  and  violent  operating  conditions  of  the  past, 
before  our  present  knowledge  of  electric  circuit  conditions  and  gas  con- 
ditioning were  available,  this  apparatus  gave  but  very  litUe  trouble  and 
a  very  nearly  perfect  record  may  be  expected  in  the  future. 

For  converting  alternating  current  to  direct  current,  the  old  mechan- 
ical rectifier,  because  of  its  extreme  simplicity,  ruggedness  and  ease  of 
repair,  will  always  appeal  to  the  practical  operating  man  who  has  become 
accustomed  to  its  use. 

An  important  property  of  rectifiers,  because  of  the  rapid  alternate 
opening  and  closing  of  the  high-tension  circuit,  is  the  prevention  of  long 
continuous  arcing  or  surging  in  the  precipitator,  due  to  any  temporary 
upset  of  the  electrical  equilibrium  of  the  circuit.  This  feature  of  rec- 
tifiers is  also  useful  in  instances  where  the  electrode  spacing  has  become 
less  than  would  correspond  to  the  potential  at  which  the  precipitator  is 
operating,  or  in  the  case  of  an  accidental  shortrcircuit.  Here  it  prevents 
abnormal  current  rushes,  and  serves  as  a  limit  to  the  short-circuit  current 
to  which  a  given  transformer  equipment  would  otherwise  be  subjected. 

The  author  mentions  electrode  vibration  as  being  due  to  unbalanced 
electrostatic  forces.  These  same  forces  have  been  found  to  exist  in  the 
most  carefully  conducted  corona  experiments,  where  practically  perfect 
centering  of  the  electrodes  within  the  outer  cylinders  could  be  assured. 
The  remedy  is  relatively  simple,  and  consists  in  placing  damping  rods, 
pipes,  or  chains  in  the  electrodes  so  as  to  interrupt  the  simple  harmonic 
vibratory  motion.  Chain  electrodes  are  less  subject  to  this  phenomenon 
than  a  single  wire  electrode,  and  in  no  instances  has  any  serious  trouble 
been  experienced  from  this  cause. 

Under  "Treater  Problems,"  the  author  mentions  certain  lines  of 
studies  for  the  improvement  of  the  precipitation  art.  It  may  be  of 
interest  to  know  that  the  more  important  of  these  have  been  carried  on 
for  an  extended  period,  and  are  being  conducted  at  the  present  time,  and 
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results  have  been  obtained  which  indioate  the  possibiUty  of  decided  im- 
provement both  in  the  size  of  the  precipitators  and  the  smoothness  and 
continuity  of  operation. 

B.  L.  Sackbtt,*  Tooele,  Utah. — It  may  be  interesting  to  record 
some  actual  conclusions  derived  from  two  years'  operation  of  Cottrell 
precipitators  at  the  Tooele,  Utah,  plant  of  The  International  Smelting 
Co.  In  emphasizing  the  importance  of  installing  the  best  of  electrical 
equipment  in  Cottrell  power-houses,  Mr.  Eschholz  states  a  fact  which 
cannot  be  disputed,  for  if  the  electrical  equipment  be  inefficient  or  in- 
sufficient, the  effect  is  at  once  noted  in  unsatisfactory  treater  recoveries. 
However,  it  does  not  necessarily  follow  that  the  most  costly  installation 
gives  the  most  efficient  results,  as  the  experience  we  have  had  at  one  of 
our  treaters  has  shown. 

There  are  two  treaters  at  the  Tooele  plant  which  have  been  in  opera- 
tion for  about  two  years;  a  four-unit,  880-pipe  treater  working  on  the 
gas  from  the  Dwight-Lloyd  sintering  plant;  and  a  one-unit,  220-pipe 
treater,  working  on  the  gas  from  the  copper  converters.  In  both  of 
these  treaters,  pipes  of  12  in.  diameter  and  15  ft.  long  are  used.  An 
additional  four-unit,  flue-type  treater,  which  will  treat  the  gas  from 
the  McDougall  roasting  plant,  is  now  in  course  of  construction. 

The  original  electrical  systems  installed  at  the  first  two  of  the  above 
mentioned  treaters  were:  at  the  sintering-plant  treater,  a  single-phase 
generator  suppl3dng  power  to  four  transformer-rectifier-treater  sets 
operated  in  parallel  on  the  low-tension  side.  (Mr.  Eschholz's  classifica- 
tion A-2);  at  the  converter  treater,  a  single-phase  generator  supplying 
power  to  a  single  transformer-rectifier-treater  unit  (Mr.  Eschholz's  classi- 
fication A-1 .) 

Our  work  at  Tooele  during  the  past  eight  months  has  led  us  to  conclude 
that  improved  treater  operations  can  be  obtained  by  using  the  electrical 
equipment  classified  by  Mr.  Eschholz  as  System  B,  namely,  low-tension, 
alternating  current  from  the  smelter  industrial  main,  supplying  power 
to  the  transformer-rectifier-treater  sets,  rather  than  system  A-2  or  A-1. 

The  four-unit  sintering-plant  treater  has  been  operating  on  system 
B  for  over  two  months,  giving  noticeably  improved  treater  efficiency  as 
compared  with  that  obtained  with  system  A-2,  due  to  an  increased 
power  input  to  the  treater,  and  a  smoother  wave  form,  as  shown  by 
oscillograms.  The  one-unit,  converter  treater  will  be  continuously 
operated  by  system  B  as  soon  as  the  necessary  equipment  arrives.  The 
new  four-unit  McDougall  roaster  treater  will  also  be  electrically  equipped 
by  system  B. 

In  all  of  our  work  at  these  treaters,  both  experimental  and  operat- 
ing, it  has  been  shown  to  our  entire  satisfaction  that  the  undesirable 


*  Blast-furnace  Superintendent,  International  Smelting  Co. 


1658  discussion:  Colorado  meeting,  1918 

possibilities  to  be  looked  for  when  using  system  B,  as  given  by  Mr.. 
Eschholz,  really  do  not  exist  if  the  installation  be  properly  made.  It 
is  actually  found  that  system  B  gives  smoother  electrical  operation, 
higher  power-plant  input,  and  consequently,  improved  treater  efficiency, 
than  did  either  of  the  other  installations;  and  at  no  time  has  there  been 
the  sUghtest  indication  of  any  reflected  disturbances  on  our  main  power 
Une  from  either  treater. 

Mr.  Eschholz  states  that  the  first  cost  of  the  electrical  equipment 
for  a  Cottrell  treater  is  approximately  10  per  cent,  of  the  total  cost  of 
the  treater.  In  the  case  of  our  sintering-plant  treater,  the  cost  of  the 
electrical  equipment  was  10.2  per  cent,  of  the  total  cost  of  the  treater; 
at  the  converter  treater  it  was  15.3  per  cent. 

In  connection  with  the  cost  of  electrical  equipment,  we  have  found 
that  the  repair  charges  for  this  equipment  have  mounted  up  to  a  figure 
that  is  worthy  of  serious  consideration.  '  For  example,  at  our  sintering- 
plant  treater,  repairs  have  cost  slightly  over  40  per  cent,  of  the  first  cost 
of  the  equipment  in  less  than  two  years'  operation. 

Mr;  Eschholz  also  states  some  general  figures  as  to  the  value  of  the 
yearly  recovery  from  the  average  Cottrell  installation.  The  annual 
net  profit  derived  from  our  treaters,  to  be  appUed  to  construction  cost, 
is  much  less  than  that  indicated  by  Mr.  Eschholz  as  a  minimum.  In 
speaking  of  this  profit,  the  figures  given  represent  the  gross  value  of 
the  metals  contained  in  the  recovered  fume,  less  the  treater  operating 
costs,  including  repairs,  the  cost. of  smelting  the  fume,  and  making  proper 
allowance  for  the  metallurgical  losses  in  the  smelting  operation.  The 
periods  of  operation  represented  are  22  months,  and  19  months,  re- 
spectively, for  the  sintering-plant  and  converter-plant  treaters.  The 
calculations  are  based  upon  the  prevailing  metal  prices  for  the  respective 
periods  under  consideration.  At  the  sintering-plant  treater,  these 
profits  have  amounted  to  approximately  38  per  cent,  per  annum  of 
the  total  first  cost  of  the  treater.  At  the  converter  treater  they  have 
been  about  56  per  cent,  of  the  first  cost  per  annum. 

Had  the  average  metal  prices  for  the  past  10  years  been  used  as 
a  basis  for  these  calculations,  other  factors  remaining  as  they  actually 
were,  the  sintering-plant  treater  would  have  shown  a  slight  loss  instead 
of  profit,  and  the  profit  per  annum  at  the  converter  treater  would  have 
been  slightly  less  than  8  per  cent. 

L.  D.  RicKETTS,  New  York,  N.  Y. — May  I  ask  what  is  the  purpose 
of  the  Cottrell  treater  in  the  converter  plant? 

B.  L.  Sackett. — The  prime  reason  for  both  treaters  was  to  abate 
the  smoke,  the  familiar  question  of  smoke  Utigation  having  arisen,  which 
we  expected  to  avoid  by  removing  the  solids  from  our  escaping  gases. 

L.  D.  RiCKETTS. — After  you  began  using  the  Cottrell  treaters,  and 
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recovering  your  lead  in  the  form  of  sulfate,  did  you  then  begin  converting 
the  lead  matte  from  your  blast  furnaces? 

B.  L.  Sackbtt. — No;  we  do  not  handle  the  fume  from  our  lead  con- 
verters in  the  Cottrell  treaters.  That  goes  to  the  baghouse,  being  a 
product  which  is  completely  neutralized.  Our  copper  matte  carries  some 
lead,  which  we  were  anxious  to  recover,  as  well  as  to  abate  the  smoke 
damage.  It  is  only  the  copper-converter  dust  that  we  are  catching  in 
the  treater,  while  the  gas  from  the  lead  converter  goes  to  the  baghouse. 

H.  D.  Randall,  *  Salt  Lake  City,  Utah. — One  important  point,  from 
the  electrical  standpoint,  is  the  fact  that  the  small  machine  of  system  A 
is  apt  to  have  a  poor  wave  form  as  compared  with  the  large  machine  in 
a  central  station.  Also  the  limited  electrostatic  capacity  of  System  A 
easily  sets  up  harmonic  vibrations  of  the  higher  frequencies.  System  B 
is  electrically  a  part  of  the  transmission  system  feeding  it,  and  owing  to 
its  comparatively  enormous  electrostatic  capacity,  is  not  subject  to  the 
phenomenon  of  resonance.  The  comparison  is  analogous  to  a  violin 
string  against  an  aerial  tram  cable. 

This,  in  itself,  is  the  strongest  argument  in  favor  of  system  B ;  and 
now  that  central  stations  and  transmission  lines  have  such  perfect  voltage 
and  frequency  regulation,  there  really  is  an  extremely  small  advantage, 
if  any,  to  be  attained  from  separate  motor-generator  sets. 

E.  P.  Mathbwson,  New  York,  N.  Y. — There  are  certain  practical 
points  connected  with  the  operation  of  the  Cottrell  plants  which  I  think 
should  be  discussed,  although  they  are  not  directly  brought  up  by  the 
author  of  the  paper. 

In  the  early  days  of  the  Cottrell  apparatus,  they  treated  moist  fumes 
or  gases  carrying  material  that  could  be  precipitated — sulphuric  acid  was 
the  first.  The  treating  of  dry  gases  seemed  to  be  a  problem.  Lately, 
we  have  been  gathering  information  from  various  plants  which  indicates 
that  a  certain  amount  of  moisture  in  the  gases  is  necessary  for  good 
precipitation  of  the  dust.  At  one  plant,  a  relative  humidification  of 
42  per  cent,  is  considered  the  best  proportion.  This  has  been  obtained 
by  sprays  of  water  from  the  roof  of  the  flue  leading  to  the  Cottrell  ap- 
paratus, and  since  those  sprays  were  put  in,  the  results  have  shown  a 
wonderful  improvement.  At  the  plant  of  the  International  Smelting 
Co.  at  Miami,  the  concentrates  treated  in  the  roasters  to  which  the  ap- 
paratus is  applied  contain  so  much  moisture  that  the  gases  naturally 
have  the  proper  proportion,  and  the  results  at  that  plant  are  extremely 
good. 

When  visiting  a  plant  in  the  East  not  long  ago,  I  noticed  that  the 
motor-generator  set  originally  installed  had  been  discarded,  and  a  small 
synchronous  motor  had  been  put  in  to  drive  the  rectifier.  The  super- 
intendent explained  that  they  took  their  power  from  a  public  service 

*  Manager,  General  Electric  Co. 


1660  discussion:  Colorado  meeting,  1918 

company,  and  had  no  trouble  whatever  from  surges  on  the  line,  and  no 
complaints  at  all  from  the  power  company  since  installing  this  synchron- 
ous motor,  but  that  they  had  experienced  no  end  of  trouble  in  operating 
their  Cottrell  treater  so  long  as  they  used  a  motor-generator  set. 

I  called  the  attention  of  some  of  the  superintendents  at  our  variouB 
plants,  which  were  using  Cottrell  treaters,  to  this  fact,  but  it  only  seemed 
to  touch  a  sore  spot  with  them;  it  seemed  that  there  had  been  a  great 
deal  of  discussion  among  the  superintendents  of  the  various  plants,  as 
well  as  the  electrical  experts,  on  this  point.  Some  of  those  who  had  been 
instrumental  in  designing  installations  thought  that  the  dangers  from 
surges  were  so  great  that  the  use  of  synchronous  motors  was  absolutely 
unsafe,  and  that  the  possible  saving  of  a  few  dollars  should  not  be  con- 
sidered at  all  in  the  installation  of  the  Cottrell  treater;  that  the  niain 
thing  was  to  get  the  dust  precipitated,  and  that  a  slight  increase  of 
efficiency  in  the  electrical  end  of  the  apparatus  was  not  worthy  of  con- 
sideration. 

On  my  present  trip,  I  have  found  that  the  dectrical  expert  in  charge 
of  the  precipitation  department  in  one  of  the  plants  has  become  fully 
convinced  that  the  synchronous  motor  is  the  proper  apparatus  to  install, 
and  he  demonstrated  this  to  my  untechnical  eyes  very  clearly.  They 
had  four  motor-generator  sets  on  each  side  of  the  center  of  the  building, 
with  transformers  corresponding  to  each  set.  Four  of  these  motor- 
generator  sets  had  been  re-wound,  so  that  they  were  practically  synchron- 
ous motors,  and  were  driving  the  rectifiers.  The  power  was  supplied 
by  the  Montana  Power  Co.,  a  large  source  of  power.  I  could  see  plainly 
the  sparking  above  the  transformers  of  the  motor-generator  sets,  while 
there  was  no  sparking  whatever  on  the  other  side  of  the  building  where 
the  synchronous  motors  were  used.  The  voltage  on  the  side  where  the 
sparking  occurred  was  25,000,  and  on  the  other  side  was  27,000  to  28,000. 
It  proved  to  me  that  it  would  be  wise  for  all  who  are  contemplating 
putting  in  the  Cottrell  apparatus  to  consider  carefully  the  difference  in 
these  two  methods  of  applying  the  power  to  the  rectifier. 

There  is  one  substance  which  non-ferrous  metallurgists  have  always 
found  to  give  a  great  deal  of  trouble  in  precipitating — ^that  is  zinc  oxide. 
Numerous  experiments  have  shown  that  the  Cottrell  apparatus  is  not 
adapted  to  the  precipitation  of  zinc  oxide  where  it  occurs  in  large  quantity. 
The  zinc  oxide,  apparently — I  now  speak  in  a  non-technical  way— is 
precipitated  in  such  form  as  to  make  a  non-conductor,  and  the  pre- 
cipitation continues  only  a  short  time  before  its  efficiency  is  greatly  im- 
paired. To  save  this  substance  it  seems  to  be  necessary  to  use  some 
filtering  agent,  such  as  the  baghouse. 

F.  H.  ViETS,*  New  York  City. — The  Research  Corporation  has  done 


*  Engineer  with  Research  Corporation. 


ELECTROSTATIC  PRECIPITATION  1661 

a  great  deal  of  work  on  the  zinc  oxide  problem,  and  has  built  a  treat er  at 
a  brass  company's  plant  in  Connecticut  to  recover  the  zinc  oxides  from 
their  casting  shops.  The  principal  factor  in  treating  that  fume  is  its 
humidification,  which  requires  close  adjustment.  The  last  time  I  visited 
Torrington,  last  September,  they  were  making  about  85  per  cent,  recovery 
with  this  experimental  unit. 

In  comparing  the  two  systems  of  supplying  power  to  precipitator 
circuits,  a  certain  technical  point  requires  explanation:  System  B,  in 
which  a  large  source  of  power  supplies  current  of  low  voltage  to  precipi- 
tator circuits,  is  not  nearly  so  liable  to  oscillations  as  is  a  small  generator 
with  its  armature  immediately  adjacent  to  the  primary  of  the  trans* 
former,  which  may  act  as  a  mirror  to  reflect  back  to  the  transfo'rmer  any 
oscillations  that  may  occur  there.  These  oscillations  may  build  up  dan- 
gerous potentials  on  the  secondary  or  high-voltage  terminals  of  the  trans- 
former. The  larger  power  system  does  not  lend  itself  so  readily  to  these 
oscillations;  at  least,  it  does  not  permit  them  to  grow  to  dangerous  pro- 
portions. System  B  has  recently  been  improved  so  as  to  be  controlled 
by  a  potential  regulator  on  the  primary,  or  low-voltage  circuit,  which 
gives  very  close  regulation,  and  very  efficient  operation  between  the  taps 
on  the  primary  of  the  Cottrell  transformers.  These  transformers  are 
provided  with  taps  on  their  primaries  so  as  to  give  approximate  voltage 
regulation.  Between  these  taps,  until  recently,  it  has  been  the  custom 
to  use  a  series  resistance  to  obtain  voltage  regulation. 

I  might  comment  briefly  regarding  recent  observations  on  the  rate 
of  dust  migration;  I  have  in  mind  the  case  of  fume-laden  gas  escaping 
from  a  50-ton  commercial  kiln  calcining  alunite  ore  for  the  production  of 
sulphate  of  potash.  This  gas  contains  not  only  very  finely  divided  fume, 
but  also  some  alum  and  coarse  dust.  When  treating  this  gas  in  a  pipe 
of  12  in.  diameter  by  15  ft.  long,  we  find  by  filtration  tests  that  over 
99  per  cent,  of  the  solids  entering  the  pipe  are  precipitated  when  a  gas 
velocity  of  7.5  ft.  per  sec.  through  the  pipe  is  maintained.  This  means 
that  the  fume  particles  themselves  are  in  the  pipe  for  2  sec.  Considering 
the  comparatively  small  number  of  particles  entering  near  the  center  of 
the  pipe,  and  assuming  that  they  do  not  reach  the  pipe  wall  until  they 
travel  the  whole  length  of  the  pipe,  the  particles  must  travel  the  6-in. 
radius  in  2  sec,  and  must  have  a  velocity,  due  to  electrical  stresses,  of 
3  in.  per  sec.  As  a  matter  of  fact,  most  of  the  dust  is  precipitated  in  the 
lower  6  ft.  of  the  pipe,  the  upper  6  ft.  recovering  relatively  small  quan- 
tities of  the  dust. 

B.  L.  Sackbtt. — Regarding  humidification,  we  have  found,  in  the 
case  of  our  converter  treater,  that  it  is  absolutely  essential  to  add  a 
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considerable  quantity  of  water  in  the  form  of  a  fine  mist;  before  adding 
that  moisture  we  were  not  able  to  maintain  anything  approaching  the 
proper  voltage  in  the  treater,  and  our  recoveries  were  extremely  low. 

The  gas  going  to  the  treater  enters  at  a  temperature,  before  being 
sprayed,  of  approximately  300°  F.  (150°  C);  while  the  sprays  do  not 
lower  the  temperature  very  much,  they  seem  to  add  sufficient  moisture 
to  accomplish  the  result  required. 

We  have  also  recently  learned  that  the  Western  Precipitation  Co.,  of 
Los  Angeles,  has  found  that  gases  which  have  been  rather  ineffectively 
handled  heretofore  are  now  successfully  treated  with  the  aid  of  an  efficient 
spraying  system. 

F.  G.  CoTTRELL,*  Washington,  D.  C. — ^It  is  interesting  to  notice  that 
points  raised  tonight,  as  still  under  active  discussion,  were  the  centers  of 
interest  in  a  great  deal  of  the  work  in  the  first  few  plants  erected. 

The  use  of  the  synchronous  motor  for  the  rectifier  drive  was  naturally 
the  first  method  adopted  in  the  laboratory,  and  was  carried  into  the 
initial  commercial  installations  at  Selby,  and  later  at  the  Balaklala  plant, 
although  even  at  Selby,  as  development  progressed,  we  tried  out  separate 
generators.  At  that  time  small  a.-c.  generators  were  not  so  easily  ob- 
tainable as  today.  The  development  of  wireless  and  other  demands  for 
small  a.-c.  generators  have  since  brought  the  technique  to  the  point 
where  it  is  today,  but  at  that  time  we  had  to  content  ourselves  with  a 
made-over  four-pole  d.-c.  motor,  having  a  special  armature  wound  for  it; 
but  armature  reaction  in  that  case  was  very  high.  This,  run  as  an  a.-c. 
generator,  would  carry  a  lamp-load  very  nicely,  but  we  could  not  get 
more  than  a  few  per  cent,  of  its  rating  out  of  it  on  the  rectifier  load. 

In  the  Balaklala  plant  we  went  over  to  the  three-phase  combination 
at  the  start,  but  found  that,  while  this  permitted  us  to  get  a  little  more 
precipitation  out  of  each  treater,  the  power  consumption  was  greater  in 
proportion  than  the  gain  in  efficiency  in  the  treater,  and  so  we  went  back 
again  to  the  single-phase. 

After  that,  gradually,  the  commercial  availability  of  independent 
small  generator  units  came  about,  and  they  were  adopted  in  some  of  the 
later  plants,  but  that  was  mostly  after  I  ceased  to  be  in  close  contact 
with  the  work,  and  my  knowledge  of  results  is,  therefore,  largely  second- 
hand. 

Even  the  matter  of  zinc  oxide  came  prominently  to  our  attention  at 
Balaklala.  With  the  high-zinc  ores  which  they  smelted  at  certain  times, 
we  had  difficulty  with  bone-dry  precipitation,  finding  it  hard  to  hold 
the  voltage.  We  went  into  the  question  of  humidification  and  rigged 
up  sprays  which  we  found  helped  us  out.     When  the  total  zinc  in  the 
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ore  was  low,  the  acid  in  the  roaster  fumes  was  sufficient  to  make  the 
deposit  slightly  conductive,  but  with  high-zinc  the  oxide  was  sometimes 
in  excess,  and  made  trouble.  We  were  inclined  to  the  conclusion,  at  that 
time,  that  it  would  be  necessary  to  have  a  sUghtly  conducting  precipitate, 
but  our  ideas  as  to  just  what  was  necessary  were  so  often  reversed  in 
that  early  work  that  I  became  very  cautious  of  drawing  any  general 
conclusions. 

That  was  particularly  true  in  the  application  of  the  process  to  cement 
works,  where  very  high  temperatures  were  to  be  encountered  and  there 
could  be  no  appreciable  condensation  of  acid  or  moisture.  But  Mr. 
Schmidt,  at  Riverside,  was  soon  running  his  precipitators  up  to  tem- 
peratures of  450°  C,  and  even  higher,  with  cement  dust,  which  was  about 
as  dry  and  non-conductive,  in  the  ordinary  sense,  as  anything  one  could 
well  imagine;  yet  he  had  no  difficulty  from  these  static  troubles  such  as 
we  had  encountered  with  dry  deposits  at  Balaklala. 

We  therefore  had  to  revise  to  some  extent  our  ideas  of  the  significance 
of  the  non-conductive  character  of  the  fume.  That  still  stands  out  as  a 
rather  interesting  difference  between  cement  dust,  for  example,  and  zinc 
oxide,  at  the  same  temperatures,  one  giving  very  much  more  trouble  than 
the  other.  The  essential  difference  in  the  electrical  behavior  of  the  two 
deposits  seems  most  Ukely  to  be  sought  primarily  in  the  fineness  of  their 
textures. 

G.  B.  Rosenblatt,*  Salt  Lake  City,  Utah. — The  choice  between 
motor-generator  sets  and  synchronous  motors  for  driving  the  rectifier 
involves  a  point  very  often  overlooked,  which  is  the  wave  form  of  the 
power  suppUed  to  the  rectifier  itself. 

The  Anaconda  Copper  Mining  Co.  is  installing  the  largest  Cottrell 
treater  in  the  world.  •  They  will  treat  dust  from  their  copper  roasting 
plant,  and  will  employ  a  total  of  thirteen  75-k.v.a.  outfits.  After  a 
rather  lengthy  investigation,  with  many  trial  runs  on  a  more  or  less 
conmiercial  design  of  treater,  employing  about  75  k.v.a.,  they  decided 
on  motor-generator  sets.  Personally  I  am  not  holding  a  brief  for  the 
motor-generator,  but  am  merely  transmitting  to  you  information  given 
to  me  by  Mr.  Murphy,  of  the  Anaconda  company. 

Their  investigations  carefully  covered  systems  A-1,  and  B,  of  Mr. 
Eschholz's  paper.  They  gave  no  consideration  to  system  A-2,  because 
of  the  conjectured  possibilities  of  regulation  troubles.  Their  cost  esti- 
mates led  them  to  believe  that  the  investment  for  system.  B,  using  induc- 
tion regulators,  as  mentioned  by  Mr.  Viets,  would  come  to  so  little  less 
than  the  investment  for  system  A-1,  that  their  appropriation  was  finally 
approved  on  the  basis  of  system  A-1,  and  the  plant  will  be  erected  on 
that  basis.     They  anticipate  better  operating  conditions,  less  liability 

*  Electrical  engineer. 


1664  discussiok:  Colorado  meeting,  1918 

of  interruption,  and  more  general  satisfaction  by  using  motor-generator 
sets  than  by  using  the  power  of  the  Montana  Power  Co.  direct  on  syn- 
chronous motor-driven  rectifiers.  They  are,  however,  putting  in  one  unit 
according  to  system  B,  so  that  they  may  have  some  actual  comparisons 
under  commercial  operating  conditions. 

In  connection  with  their  tests  under  commercial  conditions,  the  Ana- 
conda company  made  a  great  many  oscillogram  tests,  the  study  of  which 
led  to  the  conclusion  that  if  a  motor-generator  set  could  be  obtained 
that  would  give  as  perfect  a  wave  form  as  the  average  commercial  power 
circuit,  then  the  motor-generator  set  would  afford  superior  operating 
conditions.  If,  on  the  other  hand,  the  motor-generator  set  had  short- 
comings in  its  wave  form,  and  embodied  certain  harmonics,  then  trouble 
might  be  looked  for,  not  because  of  the  motor-generator  set  itself,  but 
because  the  wave  form  was  not  of  the  best.  The  smoothest  operation 
may  be  expected  with  sets  giving  the  most  perfect  wave  form — ^more 
perfect  than  that  of  the  average  industrial  power  supply. 

Anaconda  has  probably  done  as  much  as  anyone  toward  developing 
the  mechanical  rectifier.  They  carefully  examined  the  possibilities 
of  other  forms  of  electrical  apparatus  for  obtaining  uni-directional  current, 
and  considered  everything,  I  believe,  that  could  be  furnished  by  the 
manufacturers.  They  gave  particular  attention  to  the  hot  cathode 
converter,  or  "kenotron,"  as  it  is  called  by  its  principal  manufacturer. 
After  testing  it,  and  reahzing  its  inherent  disadvantages,  they  returned 
to  the  mechanically  driven  rectifier,  and  have  developed  it  to  a  very  hi^ 
degree.  They  are  now  making  and  using  the  largest  mechanically 
driven  rectifier  in  the  country;  it  is  42  in.  in  diameter,  the  largest  previ- 
ously developed  being  36  or  37  in.  They  say  they  are  getting  excellent 
results  from  these  42-in.  rectifiers. 

E.  E.  Thum,*  Salt  Lake  City,  Utah. — In  regard  to  some  of  the  prac- 
tical points  on  moisture  content  of  fume  and  on  precipitator  construction 
brought  out  by  Mr.  Mathewson,  it  might  be  interesting  to  describe  a 
plant  about  to  be  built  at  the  Southwestern  Portland  Cement  Co.  at 
Victorville,  Cal. 

Dr.  Cottrell  spoke  of  the  work  of  Mr.  Walter  Schmidt  and  his  asso- 
ciates of  the  Western  Precipitation  Co.  on  hot  cement  dust.  The 
Riverside  plant,  installed  under  their  direction,  is  a  very  fine  plant  for 
the  precipitation  of  hot  dust.  However,  I  was  told  by  some  of  their 
men  that  while  the  precipitation  made  a  fine  recovery  of  dust  from  the 
furnace  gases,  it  allowed  a  considerable  quantity  of  the  finest  fume  to 
get  by.  Unfortunately,  the  fume  is  richest  in  potash,  and  as  you  all 
know,  cement-dust  potash  is  an  important  and  valuable  commodity  at 
the  present  time. 

*  Western  Editor,  Chem,  and  Met  Eng. 
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The  Victorville  people  investigated  different  methods  for  recovering 
the  potash  volatilized  from  their  cement  kihis,  and  Mr.  J.  G.  Dean, 
their  chemical  engineer,  decided  that  he  would  install  a  humidification 
process  rather  than  the  electrical  process  of  precipitation.  Mr.  Dean's 
experimental  plant  takes  the  hot  gases,  sprays  them  carefully  and 
thoroughly,  thus  cooling  them  to  about  110**  C.  by  contact  with  cold 
water  and  by  the  evaporation  of  the  atomized  spray.  These  gases  now 
contain  a  large  percentage  of  water  vapor  and  are  passed  through  a 
condenser,  there  acting  as  a  heating  substance. 

The  condenser  itself  is  rather  unusual,  the  outside  and  supporting 
structure  being  made  of  reinforced  concrete;  the  tubes  and  flue  sheets 
are  of  steel,  however.  Within  the  condenser  proper,  a  24-in.  vacuum 
is  maintained  above  the  weak  solutions  to  be  evaporated.  Thus  the 
humid  gases  passing  through  the  tubes  may  be  cooled  to  about  60^  C. 
before  discharge.  Meanwhile  the  contained  water  vapor,  condensing  at 
100°  C.  and  below,  would  condense  about  the  very  small  particles  of 
potash  as  nuclei.  The  mist  formed  largely  collects  on  the  inside  of 
the  condenser  tubes  and  trickles  down  into  a  sump,  naturally  canying 
the  potash  in  solution. 

This  works  very  nicely,  but  it  is  hard  to  collect  mechanically  the 
last  particles  of  fog,  and  Mr«  Dean  found  that  even  after  the  gases 
had  passed  through  the  condenser  and  been  cooled  and  clarified,  they 
still  contained  a  considerable  amount  of  unwetted  potash  particles. 
The  amount  varied  somewhat — the  potash  recovery  being  perfect  at 
times — ^yet  under  certain  undetermined  conditions  of  burning  and  wet- 
ting, the  loss  was  large.  Thus  he  finally  decided  that  his  humidification 
process  was  not  as  good  as  it  might  be,  although  it  is  producing  about  a 
ton  of  potassium  sulfate  a  day. 

Therefore  he  is  now  designing  a  Cottrell  plant  for  treating  these 
very  cool,  saturated  gases  which  come  through  from  the  spray  chambers 
and  condensers,  which  is  about  as  different  from  the  gas  at  Riverside 
as  one  could  imagine.  Preliminary  experiments  show  that  the  effluent 
from  a  precipitator  treating  these  gases  is  sensibly  potash-free  at  all 
times.  The  treater  will  contain  concrete  instead  of  iron  pipes  for  the 
grounded  electrode.  Since  the  plant  will  precipitate  a  mist  out  of  a 
saturated  gas  which  is  constantly  cooling,  the  tubes  will  be  always  wet 
from  this  potash  solution  flowing  down  on  the  inside.  This  conducting 
film  obviates  the  necessity  of  providing  a  metallic  conductor  for  the 
groimded  side  of  the  apparatus.  Since  the  gases  are  saturated  on 
entering  and  cool  during  their  passage,  no  evaporation  of  this  film  is 
possible,  so  no  break  in  the  circuit  need  be  feared.  Encrusting  salts  and 
growth  of  crystals  are  also  impossible  in  the  absence  of  any  evaporation. 

B.  L.  Sackett. — Mr.  Thum  brings  out  a  very  interesting  point 
and  one  that  we  have  found  important.     He  speaks  of  the  ease  with 
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which  the  jBiiie-dust,  or  the  coarser  particles  of  it,  may  be  caught,  and 
the  difficulty  of  catching  the  finer  particles. 

As  I  understand  it,  the  potash,  as  it  occurs  at  the  cement  mills, 
is  in  the  form  of  a  fume;  that  is,  has  been  formed  by  a  chemical  action, 
atid  is  not  a  mechanical  dust.  At  our  plant  we  have  found  that  the 
difficulties  of  precipitating  a  fume  of  this  nature  are  far  greater  than 
with  a  straight  flue-dust. 

L.  D.  RiOKETTs. — This  point  is  well  taken.  In  the  treatment  of  con- 
verter gas  at  Miami,  according  to  careful  tests,  we  have  very  Uttle  copper 
escaping.  The  gas  is  hot,  the  solid  particles  contain  a  high  percentage  of 
copper  and  are  practically  all  precipitated,  yet  the  fume  is  dense  white 
and  practically  all  of  the  lead  and  zinc  escapes.  I  wish  to  call  attention, 
however,  to  the  fact  that  the  cooling  of  gases  by  admission  of  steam  may 
be  done  satisfactorily  so  long  as  there  is  any  zinc  or  lead  oxide  in  the 
fume,  but  unless  this  is  the  case,  free  sulfuric  acid  will  unite  with  the 
moisture  to  form  a  dilute  solution  which  will  destroy  any  iron  work  with 
which  it  comes  in  contact.  At  the  Miami  smelter  we  had  to  close  down 
on  account  of  a  strike.  It  is  probable  that  our  steel  stack  discharging 
the  reverberatory  fumes  had  an  internal  coating  of  dust  which  was  pasty 
with  concentrated  sulfuric  acid,  and  that  when  the  close-down  came  this 
acid  absorbed  moisture.  In  any  event,  it  practically  destroyed  a  portion 
of  the  stack. 

E.  R.  WoLcoTT,*  Los  Angeles,  Cal.  (written  discussionf). — When 
the  deposit  of  dust  or  fume  produced  by  electrostatic  precipitation  is 
non-conducting,  the  electrical  charge  is  retained  by  the  deposited  parti- 
cles. If  the  dielectric  constant  of  these  particles  be  large,  the  accumulated 
charge  may  attain  a  considerable  potential..  In  extreme  cases  this  has 
been  found  to  be  of  sufficient  magnitude  to  produce  ionization  of  the  gases 
surrounding  the  deposits,  an  effect  which  is  of  course  detrimental  to 
satisfactory  precipitation  of  the  dust  and  fume.  This  "back  ionization" 
has  been  photographed  and  reprints  will  appear  shortly  in  the  Physical 
Review,  "Back  ionization"  is  recognized  by  the  fact  that  the  voltage 
that  can  be  maintained  is  lowered,  sometimes  as  much  as  50  per  cent 
of  that  which  can  be  maintained  with  clean  electrodes.  This  maybe 
explained  by  considering  that  the  "back  ionization"  increases  the  con- 
ductivity of  the  gases  immediately  surrounding  the  deposit,  which  is 
equivalent  to  moving  the  collecting  electrode  nearer  to  the  discharge 
electrode,  thus  requiring  less  voltage  to  produce  an  arc. 

Any  means  for  making  the  deposits  conducting,  such  as  the  addition 
of  water,  prevents  this  "lowering  of  the  arcing  voltage." 

Linn  Bradley,!  New  York,  N.  Y.  (written  discussion!). — In  reading 

*  Western  Precipitation  Co.  | 

t  Received  Sept.  1,  1918.  i 

X  Chief  Engineer,  and  Acting  Manager,  Research  Corporation.  { 

§  Received  Sept.  14,  1918.  ! 
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Mr.  Eschholz'  paper  on  certain  typee  of  electrical  equipment  for  the 
Cottrell  process,  it  might  be  valuable  to  consider  just  what  real  differences 
there  are  between  a  separate  motor-generator  set  and  a  synchronous- 
motor  set.  When  it  is  seen  that  the  difference  is  slight,  the  question 
arises  as  to  whether  the  results  may  not  depend  upon  other  features  than 
those  brought  out  in  the  paper.  In  both  types  the  precipitators  are 
the  same,  the  transformers  and  rectifiers  are  the  same  and,  for  good  prac- 
tice, the  non-inductive  resistance  should  be  approximately  the  same. 

The  main  differences  are  that  in  one  case  the  alternating-current 
generator  is  in  the  precipitator  power-house  and  the  rectifier  is  driven 
by  meansof  a  mechanical  coupling,  while  in  the  other  case  the  alternating- 
current  generator  is  in  some  remote  power-house  and  the  rectifier,  for 
convenience,  is  driven  by  a  synchronous  motor  which  is  merely  a*  sub- 
stitute for  the  mechanical  coupling.  In  the  former  case,  the  voltage 
impressed  upon  the  transformer  may  be  varied  both  by  action  upon  the 
generator  field  and  by  non-inductive  resistance  between  the  alternator 
and  the  transformer.  In  the  latter  case,  voltage  regulation  is  limited 
to  one  method,  except  for  transformer  taps,  in  usual  practice,  but  experi- 
ence has  demonstrated  that  such  regulation  is  indeed  very  effective  and 
should  be  employed  to  some  extent  in  either  case. 

Now  if  there  is  but  slight  difference  in  the  regulating  means,  the  dif- 
erence  in  the  size  and  characteristics  of  the  alternators  should  receive 
more  attention.  It  would  seem  that  the  large-sized  and  well  designed 
alternator  would  be  preferable  as  a  source  of  the  alternating  current, 
and  direct  comparisons  confirm  this  assumption.  Of  course,  in  order 
to  get  good  results,  the  voltage  delivered  to  the  transformer  should  be 
steady,  and  if  loqal  conditions  do  not  give  steady  voltage,  due  to  inter- 
mittent operation  of  large  motors  on  inadequate  power  circuits,  it  is  nec- 
essary to  correct  the  fault  or  else  resort  to  motor-generator  sets. 

The  facts  that  the  precipitator  load  is  not  continuous,  and  that  the  load 
current  is  unusual,  due  to  the  laws  of  corona  discharge,  should  be  con- 
sidered in  designing  a  generator,  since  the  rate  of  current  flow  at  peak 
voltage  is  not  the  same  as  when  other  loads  are  employed.  This  accounts 
for  the  poor  waveshape  from  an  undersized  or  poorly  designed  alternator. 


The  Effect  of  Oxygen  upon  the  Precipitation  of  Metals  from  Cyanide 

Solutions 

Discussion  of  the  paper  of  T.  B.  Crowe,  presented  at  the  Colorado  meeting,  Septem- 
ber, 1918,  and  printed  in  Bulletin  No.  140,  August,  1918,  p.  1279. 

G.'  H.  Clevbnger,  Colorado  Springs,  Colo. — Mr.  Crowe's  paper  will 
be  of  great  interest  to  cyanide  operators,  as  it  is  a  distinct  new  develop- 
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ment  in  cyanidation.  After  reading  the  paper  it  occurred  to  me  that 
some  of  us  had  done  practically  the  same  thing  some  time  ago,  but  with- 
out design  and  unconsciously.  I  refer  particularly  to  the  operation  of 
some  of  the  earlier  types  of  vacuum  filter,  used  in  connection  with  a  dry 
vacuum  pump  and  a  receiver,  which  is  somewhat  similar  equipment  to 
that  employed  by  Mr.  Crowe.  However,  we  did  not  appreciate  the  good 
effects  we  were  getting  from  such  of  this  solution  as  was  precipitated, 
and  it  has  remained  for  Mr.  Crowe  to  bring  distinctly  to  our  attention 
the  advantages  of  removing  air  from  cyanide  solutions  before  precipi- 
tation. Full  credit  is  therefore  due  him  for  this  very  clever  improvement 
in  the  cyanide  process. 

J.  V.  N.  Dorr,  New  York,  N.  Y. — I  think  that  Mr.  Crowe's  work 
has  been  the  greatest  single  improvement  on  the  chemical  side  of  cyanida- 
tion within  the  past  15  years;  other  improvements  within  that  time  have 
been  largely  mechanical.  Although  he  has  shown  us  somethii^  that 
each  of  us  should  have  known  before,  I  feel  that  he  has  made  a  very  defi- 
nite and  valuable  contribution  to  the  art. 

A.  L.  Blomfield,  Colorado  Springs,  Colo. — ^When  we  first  tried 
Mr.  Crowe's  process  at  the  Grolden  Cycle  mill,  we  supposed  that  the  pre- 
cipitation boxes  would  have  to  be  kept  covered,  lest  the  air  should  again 
be  dissolved  in  the  solution  and  disturb  the  precipitation;  however,  we 
found  that  nothing  that  we  did  made  the  slightest  difference.  The 
application  of  the  system  had  the  immediate  effect  of  doubling  the 
capacity  of  the  boxes  and  giving  about  30  per  cent,  better  tailings. 

G.  T.  Hansen,*  Salt  Lake  City,  Utah. — We  have  had  occasion,  within 
recent  months,  to  heat  pregnant  solution  to  about  170®  F.,  for  the  pur- 
pose of  precipitating  copper,  before  sending  it  to  the  zinc  boxes.  We 
found  that  heating  accomplishes  practically  the  same  result,  as  r^ards 
removal  of  air,  as  applying  a  vacuum. 

George  M.  Taylor, t  Colorado  Springs,  Colo.— I  would  like  to  say, 
on  behalf  of  Mr.  Crowe,  that  at  our  two  mills,  the  Victor  and  the  Inde- 
pendence, where  we  were  treating  about  2000  tons  of  ore  per  day,  there 
was  a  saving  in  zinc  and  cyanide  of  about  $2500  a  month,  or  $30,000  a 
year. 


Roasting  for  Amalgamating  and  Cyaniding  Cripple  Creek  Sulpho- 

telluride  Gold  Ores 

Discussion  of  the  paper  of  A.  L.  Blo&ifield  and  M.  J.  Trott,  presented  at  the  Colorado 
meeting,  September,  1918,  and  printed  in  Bulletin  No.  140,  August,  1918,  p.  1265. 

J.  M.  TipPETT,J  Colorado  Springs,  Colo. — There  are  several  points 

•  Manager,  Midvale  Minerals  Co. :  Dayton  Placer  Recovery  Corpn. 

t  Manager,  Milling  Department,  Portland  Gold  Mining  Co. 

X  Superintendent,  Colorado  Springs  Milling  Dept.,  Portland  Gold  Mining  Co. 
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which  offer  ground  for  discussion,  although  the  authors'  indicated  results 
leave  small  chance  for  argument.  Under  classification  of  the  ores  as 
they  come  to  the  mill,  it  will  be  noted  that  these  are  classified  according 
to  their  lime  contents.  In  previous  years  the  classification  was  based 
upon  sulfur  contents,  CaO  not  being  considered;  class  A  would  be  called 
the  oxidized  ore  and  class  B  the  sulfides.  Classification  according  to 
CaO  is  the  first  public  indication  that  a  decided  change  in  the  ore  has 
necessitated  improved  methods  of  treatment.  The  very  serious  effect 
that  CaO,  even  in  small  quantities,  has  upon  extraction  has  been  noted 
for  some  years. 

The  bedding  of  the  ore  is  an  interesting  point;  66  per  cent,  of  the  ore, 
containing  not  more  than  2  per  cent.  CaO,  is  called  Bed  A,  while  34  per 
cent.,  containing  over  2  per  cent.  CaO,  goes  to  make  Bed  B.  Why  could 
not  all  the  ore  be  put  into  one  bed  in  which  the  CaO  would  average  ap- 
proximately 23^^  per  cent.?  This  would  obviate  the  necessity  for  regula- 
tion, and  would  avoid  poor  roasts  and  loss  of  tonnage.  No  doubt  there 
are  good  reasons  why  this  is  not  done;  first,  can  the  two  classes  of  ore  be 
uniformly  mixed?  If  this  could  be  accomplished,  then  feed  and  heat 
conditions  in  the  roaster  could  undoubtedly  be  regulated  satisfactorily. 
Second,  if  the  class  A  ores  contained  more  than  average  sulfur,  the  ill 
effect  of  mixing  it  with  a  high  CaO  ore  would  be  more  pronounced. 

Since  rpasting  is  the  most  important  step  in  the  treatment  of  these 
ores,  it  may  pay  to  examine  the  different  types  of  mechanical  roasters  in 
general  use.  These  are  the  Holthoff  straight-line,  the  Pierce  turrett, 
and  the  Edwards.  In  the  first  two  roasters,  the  rabbles  carry  the  ore 
forward  through  the  roasting  hearth  in  practically  the  same  manner.  The 
Edwards  roaster  operates  quite  differently,  in  that  the  ore,  on  its  passage 
through  the  roasting  hearth,  passes  from  one  side  of  the  roaster  to  the 
other  many  times  before  it  is  discharged,  thereby  increasing  the  time  dur- 
ing which  the  ore  is  subjected  to  heat. 

In  describing  the  process  of  rabbling,  it  is  stated  that  with  27  pairs  of 
rabbles,  making  3  r.p.m.,  the  time  the  ore  is  passing  through  the  roaster  is 
6  hr.  In  the  Pierce  and  Holthoff  roasters  the  maximum  time  is  3  hr. 
The  greater  length  of  time  during  which  the  ore  is  subjected  to  heat,  and 
the  rapid  rabbling  which  exposes  fresh  surfaces  of  ore  more  frequently, 
are  two  important  features  of  the  Edwards  roaster  which  the  other  types 
do  not  possess. 

The  remarkably  poor  sand  residues  are  an  indication  of  good  roasting 
followed  by  careful  classification.  It  would  have  been  interesting  to  state 
the  assay  of  the  residues  from  the  product  finer  than  100-mesh,  which  is 
approximately  30  to  60  per  cent,  of  the  total  ore  treated.  Part  of  this 
product  coijisists  of  what  I  would  term  the  natural  slime  in  the  ore,  exist- 
ing as  talc  and  vein  matter,  which  generally  contains  values.  It  is  this 
product,  together  with  the  portion  finer  than  100-mesh  made  in  crushing 
before  roasting,  upon  which  it  is  difficult  always  to  obtain  a  low-grade 
residue. 
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The  Tailing  Excavator  at  the  Plant  of  the  New  Cornelia  Copper  Company, 

Ajo,  Arizona 

Discussion  of  the  paper  of  Frank  Moeller,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  Bulletin  No.  140,  August,  1918,  p.  1229. 

E.  P.  Mathewson,  New  York,  N.  Y. — I  would  like  to  call  atten- 
tion to  the  excellent  plan  for  protecting  the  lining  of  the  tanks  from  rough 
handling  by  the  excavator.  Many  engineers,  when  considering  mechan- 
ical excavators  for  lead-lined  tanks,  have  been  afraid  that  the  machin- 
ery might  get  out  of  order  and  rip  out  the  lining.  This  difficulty  seems 
to  have  been  entirely  overcome  in  this  installation,  and  those  who  have 
been  responsible  for  its  success  deserve  a  great  deal  of  credit. 

A.  F.  Case,*  Cleveland,  Ohio  (written  discussion f). — The  application 
of  the  automatic  unloader  to  the  copper  leaching  process  at  Ajo  was  a 
very  radical  departure  from  the  common  use  of  this  machine,  inasmuch 
as  the  only  previous  use  of  this  device  has  been  in  connection  with  the 
unloading  of  coal  and  ore  from  vessels  on  the  Great  Lakes. 

There  are  many  phases  in  connection  with  the  unloading  of  ore  from 
lake  vessels  that  are  not  presented  in  the  extraction  of  ore  tailings  from 
leaching  vats.  For  instance,  in  unloading  from  boats,  it  is  necessary  to 
provide  means  to  reach  under  the  hatches  to  parts  of  the  cargo  hold 
which  do  not  lie  directly  under  the  hatches,  and  to  work  in  inaccessible 
places  that  do  not  exist  in  a  leaching  vat.  These  necessities  require 
complications  that  could  be  very  easily  dispensed  with  in  this  new  appli- 
cation. On  this  account  the  unloader,  as  appUed  to  the  New  Cornelia 
plant,  represents  what  is  probably  the  simplest  development  of  the 
machine  that  has  ever  been  prdduced,  and,  manifestly,  in  its  simplest 
form  it  could  be  expected  to  show  results  corresponding  to  its  perform- 
ances when  installed  with  all  of  its  complications. 

One  of  the  requirements  of  vessel  unloading  is  extreme  vertical 
travel,  when  the  bucket  is  required  to  reach  the  bottom  of  the  cargo 
hold,  often  12  or  13  ft.  below  water-level,  and  discharge  into  a  receptacle 
30  ft.  above  the  water.  This  was  materially  simpUfied  at  Ajo  for  the 
reason  that  the  vertical  travel  was  never  more  than  20  ft.  This  con- 
dition immediately  resulted  in  the  possibility  of  shortening  the  walking 
beam  which  carries  the  bucket  leg,  and,  in  fact,  in  entirely  reducing  the 
size  of  all  the  working  parts  of  the  trolley,  walking  beam,  and  bucket 
leg,  as  far  as  reaches  were  concerned. 

♦Engineer,  Coal  &  Ore  Handling  Dept,  of  the  Wellman-Seaver-Morgan  Co. 
t  Received  Oct.  7,  1918. 
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The  bucket  is  interesting  on  account  of  its  mechanical  operation. 
The  shells  of  this  bucket  are  carried  on  heavy  cast-steel  supporting  arms 
which  are  attached  to  the  bucket  pins  to  which  the  shells  are  in  turn 
attached;  the  arms,  in  turn,  being  carried  on  roller-mounted  pins  which 
are  guided  by  horizontal  and  vertical  guides  in  the  lower  end  of  the 
bucket  leg.  The  purpose  of  this  arrangement  is  to  control  the  path 
of  the  cutting  edge  of  the  bucket  shell  so  that  a  sharp  edge  is  at  all  times 
presented  to  the  material  in  which  the  bucket  is  working,  thus  minimiz- 
ing the  effort  required  to  close  the  shells. 

In  this  machine,  three  chain  drums  are  required  for  opening  and 
closing  the  bucket;  two  closing  drums  located  on  the  outside  of  the 
bucket  leg,  and  one  opening  drum,  located  in  the  center  of  the  leg,  all 
on  the  same  shaft.  As  the  chains  lead  to  these  drums  from  opposite 
sides,  the  opening  and  closing  of  the  bucket  is  accomplished  by  simply 
reversing  the  direction  of  rotation.  In  order  to  compensate  for  the 
changes  of  the  relative  lengths  of  the  chains  in  opening  and  closing,  the 
drums  are  made  cam-shaped. 

The  immense  closing  pressure  required  at  the  cutting  lips  is  obtained 
by  the  introduction  of  gearing  connecting  the  chain  drums  to  a  power 
wheel  located  in  the  bucket  leg.  The  upper  shaft,  carrying  the  power 
wheel,  is  rotated  by  ropes  which  lead  to  the  bucket-operating  mechanism 
in  the  rear  end  of  the  walking-beam. 

In  addition  to  the  bucket-operating  mechanism,  all  of  the  machinery 
for  operating  the  rotating  and  beam-hoist  motions  are  also  located  in 
the  back  of  the  walking-beam.  In  this  position  they  act  as  a  counter- 
weight to  counterbalance  the  weight  of  the  bucket  parts.  This  feature 
of  the  machine  is  one  that  is  important,  as  it  is  possible  in  this  way  to 
secure  accurate  control  because  the  balance  of  the  walking  beam  can  be 
delicately  adjusted. 

We  have  mentioned  the  motion  of  rotation,  which  is  also  applied 
to  the  bucket.  This  permits  the  operator  to  rotate  the  bucket  at  right 
angles  to  the  normal  position,  thus  enabling  the  bucket  to  reach  into 
places  that  would  otherwise  be  inaccessible. 

It  might  be  interesting  to  note  the  power  requirements,  in  terms 
of  motor  capacities,  of  this  equipment.  The  motors  have  the  following 
ratings: 

Bucket  hoist 150  hp. 

Bucket  closing 100  hp. 

TroUey  travel 100  hp. 

Bridge  travel 100  hp. 

Rotating 15  hp. 

These  motors  are  all  provided  with  magnetic  braking  control,  with 
the  exception  of  the  rotating  motor. 
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The  conditions  existing  at  Ajo  required  some  provision  for  moving 
the  machine  transversely,  in  order  that  it  might  be  used  over  a  duplicate 
set  of  vats.  For  this  purpose  a  transfer  table  was  introduced.  The 
table  consists  simply  of  a  structural  frame  carrying  a  section  of  the 
excavator  runway,  and  provided  with  trucks  which  travel  at  right  angles 
to  the  main  runways.  The  transfer  runways  are  about  5  ft.  below  the 
main  tracks.  Electric  conductors  are  provided  for  supplying  current 
to  the  motor  for  moving  the  table,  as  well  as  short  sections  of  main 
conductor  for  supplying  current  to  the  excavator  when  running  on  and 
oflf  the  table.    An  80-hp.  motor  is  provided  for  moving  the  transfer  table. 


Radium 

Discussion  of  the  paper  of  Richard  B.  Moore,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  BuUeiin  No.  140,  August,  1918,  p.  1165. 

W.  A.  SoHLEsiNGBR,*  Denver,  Colo. — Two  problems  are  of  great 
interest  to  the  radium  manufacturer  at  the  present  time:  The  first  is  to 
perfect  a  process,  more  efficient  and  more  economical,  which  is  capable 
of  treating  a  greater  variety  of  ores.  Practically  all  the  radium  now 
manufactured  in  the  United  States  is  extracted  from  carnotite  ores  and 
these  vary  a  great  deal  according  to  their  location.  The  amount  of  sul- 
fates contained  in  the  ore  is  of  particular  importance,  and  any  straight 
acid-leaching  method,  such  as  developed  by  the  Bureau  of  Mines,  becomes 
prohibitive  when  the  ore  contains  more  than  0.5  per  cent,  of  sulfates, 
as  the  sulfates  go  into  solution  and  naturally  precipitate  the  radium 
as  insoluble  radium  sulfate.  Since  the  amount  of  ore  obtained  from 
any  one  claim  is  usually  comparatively  small,  it  is  necessary  to  work 
a  number  of  claims  in  different  localities,  and  a  process,  in  order  to  be 
commercially  satisfactory'^,  should  handle  all  of  these  ores.  In  other 
words,  it  would  be  entirely  unprofitable  for  radium  manufacturers 
to  employ  any  process  which  cannot  treat  any  but  sulfate-free  ores. 
He  must  deal  with  carnotite  containing  appreciable  amounts  of  sulfates, 
and  must  be  able  to  work  this  in  with  the  other  ores.  Carbonaceous 
ores  from  certain  sections  in  Utah,  which  are  known  to  contain  a^  much  as 
10  per  cent,  and  more  of  volatile  matters,  are  prone  to  a  nitric  acid- 
leaching  process. 

The  second  problem  relates  to  the  treatment  of  concentrates.  There 
is  no  doubt  that  a  very  large  amount  of  low-grade  ore,  containing  less 
than  0.75  per  cent,  uranium  oxide,  is  available.  It  has  been  demonstrated 
that  these  ores  can  be  concentrated,  but  there  is  still  room  for  research 
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work  to  develop  a  process  that  will  ef&ciently  handle  such  concentrates. 
The  straight  acid-leaching  method,  if  used  with  concentrates,  is  con- 
fronted by  difficulties  in  filtering.  The  concentrates  are  naturally  very 
fine,  and  when  leached  with  acid  will  easily  clog  the  filtering  medium. 

It  was  suggested  that,  by  mixing  concentrates  with  straight  ore  ground 
to  20  mesh,  one  could  overcome  the  filtering  difficulties,  with  a  straight 
acid-leaching  method  on  sulfate-free  ores,  by  the  use  of  pressure  filters, 
and  obtain  an  extraction  of  approximately  75  per  cent.  If,  however, 
this  method  gives  an  extraction  of  95  per  cent,  on  the  straight  ore  alone, 
and  if  by  mixing  with  25  per  cent,  of  concentrates  the  combined  extraction 
is  reduced  to  75  per  cent.,  no  advantage  is  gained  by  this  procedure. 

A  considerable  amount  of  radium  has  lately  been  used  in  the  manu- 
facture of  self-luminous  compounds,  consisting  of  specially  prepared  zinc 
sulfide  mixed  with  varying  amounts  of  radium.  The  powder  is  then, 
with  the  help  of  a  suitable  varnish,  made  into  a  paint  and  applied  with  a 
brush.  The  character  of  the  varnish  varies  according  to  the  use  to  which 
one  wishes  to  put  the  paint,  and  whether  or  not  the  paint  has  to  withstand 
the  action  of  alcohol,  glycerine,  or  water.  We  have  applied  self-luminous 
radium  preparations  to  over  half  a  million  Government  instruments 
since  the  outbreak  of  the  war.  Units  for  luminosity  measurements  have 
also  been  developed,  and  the  luminosity  of  these  paints  is  now  being 
measured  in  micro-lamberts,  which  are  a  fraction  of  a  candle  power. 

The  suggested  use  of  mesothorium  is  very  interesting,  but  little  has 
been  published  and  few  experiments  have  been  made  in  this  country  to 
show  whether  mesothorium  is  as  efficient  as  radium  when  mixed  with 
zinc  sulfide  for  luminous  paint.  Experimental  data  should  be  collected 
to  show  the  rate  of  deterioration  of  zinc  sulfide*  when  mixed  with 
mesothorium. 

I  do  not  think  a  shortage  of  radium  will  occur  for  years  to  come, 
especially  in  view  of  the  low-grade  deposits.  The  amount  of  radium 
used  for  luminous  paints,  even  now,  is  comparatively  small;  probably 
500  milligrams  is  being  used  every  month  for  the  manufacture  of  luminous 
paint  for  war  purposes  in  this  country. 

R.  B.  Moore. — I  have  been  asked  to  say  a  few  words  about  Dr. 
Douglas  in  his  connection  with  radium.  The  radium  I  have  showed  you 
was  some  which  was  produced  by  the  National  Radium  Institute,  in 
which  Dr.  Douglas  was  greatly  interested;  in  fact,  he  was  one  of  those 
who  financed  that  organization.  He  did  this  mainly  for  two  reasons: 
first,  as  a  philanthropic  object  for  the  alleviation  of  suffering  from  cancer, 
and  secondly,  because  of  his  interest  in  scientific  and  technical  progress 
of  aU  kinds. 

At  that  time  the  extraction  of  radium  from  ores  had  been  only  slightly 
investigated;  practically  nothing  was  known  about  it  in  this  country. 
All  of  the  radium  he  obtained  as  his  share  in  the  operations  went  to  the 
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Memorial  Hospital,  in  New  York,  and  is  still  there  as  a  gift  to  the 
Hospital.  Dr.  Douglas,  therefore,  accomplished  the  two  objects  he  had 
in  mind — ^he  helped  to  make  possible  a  study  of  the  technical  methods 
of  extraction  and  at  the  same  time  gave  his  share  of  the  radium  obtained 
for  research  work  in  cancer  treatment. 


An  Interpretation  of  the  So-called  Paraffin  Dirt  of  the  Gulf  Coast  Oil 

Fields 

Discussion  of  the  paper  of  Albert  D.  Brokaw,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  BvUetin  No.  136,  April,  1918,  pp.  947  to  950. 

W.  G.  Matteson,*  Fort  Worth,  Tex.  (written  discussion f). — Dr. 
Brokaw  has  evidently  given  a  great  deal  of  time  and  study  to  this  phe- 
nomenon and  his  conclusions  seem  sound  and  logical. 

Mr.  Lee  Hager  was  probably  the  first  geologist  of  repute  to  attach 
any  great  importance  to  the  occurrence  of  paraffin  dirt  in  connection  with 
the  Gulf  Coast  oil-producing  salt  domes.  The  writer  has  been  reliably 
informed  that  through  his  discussion,  the  idea  was  promulgated  that  the 
presence  of  this  so-called  paraffin  dirt  was  one  of  the  most  important  and 
reliable  indications  of  the  presence  of  an  oil-producing  salt  dome.  De- 
spite very  strong  evidence  to  the  contf ary,  Hager  evidently  still  has  con- 
siderable confidence  in  this  theory,  as  brought  forth  in  his  discussion^ 
of  Dr.  Brokaw's  paper.  Hager  here  gives  all  the  paraffin  dirt  occurrences 
known  to  him,  and  adds,  "Fifteen  of  these  localities,  including  practically 
all  of  the  greatest  fields,  have  produced  'oil  in  some  quantity." 

The  acceptance  of  the  list  of  occurrences  as  submitted  by  Hager 
depends  upon  what  material  we  are  justified  in  including  under  the  term 
''paraffin  dirt."  If  we  agree  to  a  broad  classification,  whereby  paraflSn 
dirt  is  to  include  all  spongy,  earthy,  decomposed,  vegetable  material, 
or  spongy  soil  impregnated  with  the  same,  then  Hager's  list  will  have  to 
be  not  only  accepted  but  perhaps  enlarged.  On  the  other  hand,  if  we 
confine  ourselves  to  a  strict  interpretation  of  the  substance  known  as 
paraffin  dirt,  based  upon  typical  occurrences,  general  understanding, 
and  application,  several  of  Hager's  occurrences  will  be  seriously  ques- 
tioned by  many  geologists.  The  typical  material  is  excellently  described 
by  Hager  as  a  dirt  or  soil-like  substance  "resilient  to  the  step,  like  rubber, 
which  falls  apart  in  small  squares  when  dug.  Intimately  mixed  with  the 
soil  itself  and  between  the  cracks  and  joint  planes  is  a  yellow,  jelly-like 
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substance  resembling  paraffin  or  soft,  yellow  beeswax."    The  material 
is  generally  brownish  to  dark  brown  in  color. 

Many  able  geologists,  who  have  carefully  investigated  the  territory 
at  Anse  La  Butte,  have  failed  to  observe  any  such  material  as  above 
described  within  "100  ft.  of  the  best  well  in  the  field."  A  deposit  of 
spongy,  vegetable  matter  was  found  near  the  heart  of  the  field,  but  it 
in  no  way  resembled  paraffin  dirt.  In  a  personal  communication  to  the 
writer,  William  Kennedy  states  that  he  could  not  find  any  of  the  dirt 
in  the  proved  part  of  the  field,  but  observed  some  peat-like  material 
considerably  to  the  east,  where  several  dry  holes  had  been  drilled  in  the 
vicinity  of  the  occurrence.  In  the  Jennings  field,  some  peculiar  clays 
were  observed,  and  again  at  Terry,  some  slimy,  stinking  vegetable  mate* 
rial  and  soil  were  found  which  in  no  way  resembled  paraffin  dirt,  even 
in  the  altered  form  described  by  Hager.  Here  again  several  dry  holes 
were  drilled  in  close  proximity  to  this  substance.  William  Kennedy, 
one  of  the  ablest  and  most  experienced  Gulf  Coast  investigators,  has 
stated  that  he  was  never  able  to  find  any  evidence  of  paraffin  dirt  near 
or  around  Spindle  Top,  although  he  has  examined  that  area  carefully 
several  times. 

As  to  the  statement  that  this  dirt  is  found  close  to  the  discovery  well  at 
Humble,  C.  E.  Barrett  did  not  drill  the  discovery  well;  his  well  went  into 
gypsum  and  was  abandoned.  D.  R.  Beatty,  in  1905,  brought  in  the  first 
commercial  producer  at  Humble.  Some  paraffin  dirt  has  been  found  at 
Humble,  however,  although  the  occurrence  had  nothing  to  do  with  the 
location  and  discovery  of  the  dome.  Some  quantity  of  typical  material 
occurs  at  Hackberry,  yet  five  or  six  w^lls,  1600  to  2200  ft.  in  depth, 
failed  to  obtain  even  gas.  i 

Hager  claims  that  Batson  was  discovered  through  presence  of  this 
paraffin  dirt,  the  discovery  well  being  located  close  to  its  outcrop.  It  is 
doubtful  if  Judge  Douglass  would  have  made  his  location  in  the  vicinity 
of  the  dirt,  were  it  not  for  the  quantity  of  gas  escaping  near  there.  In 
view  of  many  subsequent  drilling  failures  on  evidence  of  this  paraffin 
dirt,  too  much  weight  should  not  be  given  the  Batson  occurrence. 

It  is  true  that  small  quantities  of  paraffin  dirt  are  found  in  the  vicinity 
of  several  oil-producing  salt  domes,  but  it  is  most  significant  that,  with 
possibly  the  exception  of  Batson,  cited  by  Hager,  none  of  these  domes 
was  located  and  drilled  by  reason  of  the  presence  of  this  dirt.  The  dome 
or  mound-like  character  of  the  area,  or  other  topographic  features,  the 
presence  of  sour  springs,  salt  springs,  asphalt  seeps,  gas  seepages,  etc., 
this  was  the  evidence  by  which  95  per  cent,  of  the  oil-producing  salt  domes 
were  located  and  drilled. 

What  has  been  the  result  when  well  locations  have  been  made  ac- 
cording to  the  presence  of  paraffin  dirt  only,  and  without  some  of  the 
more  reliable  and  conclusive  evidence  such  as  has  just  been  cited?    In 
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Chambers  County  and  at  Bayou  Caster,  wells  drilled  near  paraffin  dirt 
failed  to  find  oil  in  commercial  quantity  and  were  abandoned.  Wells 
drilled  at  the  eastern  vicinity  of  Anse  La  Butte,  where  the  dirt  is  said  to 
occur,  were  abandoned  as  failures.  The  largest  and  most  characteristic 
deposit  of  this  dirt  is  found  in  Sabine  County,  south  of  Low  Creek,  in 
the  vicinity  of  Sabine  town.  Wells  drilled  on  the  evidence  of  this  dirt 
here  found  only  some  gas,  but  no  oil  in  commercial  quantity.  These  are 
a  few  of  the  instances  the  writer  had  in  mind  when  making  the  statement^ 
to  which  Hager  takes  exception,  that  "where  drilling  has  take  place  in 
the  vicinity  of  this  paraffin  dirt,  the  results  have  been  a  failure."  And 
even  Hager's  confidence  in  this  material  must  have  undergone  some 
change  when  he  has  been  reliably  reported  as  turning  down  the  Columbia 
field. 

As  to  Hager's  concluding  arguments,'  he  bases  the  importance  of  the 
parafiin  dirt  as  an  indication  of  the  nearby  presence  of  oil  on  his  con- 
tention that  the  gas  so  intimately  concerned  in  the  formation  of  this  dirt 
is  petroleum  gas.  Why  petroleum  gas?  Would  not  methane  or  marsh 
gas  serve  equally  well?  Owing  to  its  widespread  occurrence  in  the  Gulf 
Coastal  plain,  would  not  marsh  gas  be  a  more  common  and  plausible 
source?  Does  not  the  fact  that  this  parafiSn  dirt  is  found  widely  scat- 
tered, and  in  places  where  drilling  has  failed  to  yield  oil  in  anything  like 
commercial  quantity,  strengthen  the  evidence  that  marsh  gas  is  more 
concerned  in  the  formation  of  the  dirt  than  petroleum  gas?  In  escaping, 
marsh  gas  may  be  dififused  over  a  small  area  at  the  surface  instead  of 
issuing  from  one  particular  spot.  Would  not  this  method  of  escape 
explain  the  areal  extent  of  these  paraffin  dirt  deposits  better  than  if  the 
escaping  gas  were  confined' to^one  vent?  As  for  quantity  of  gas,  the 
writer  has  observed  places  in  the  Gulf  Coastal  plain  where  marsh  gas 
has  been  escaping  in  consideraole  and  undiminished  volume  for  many 
years.  Moreover,  have  we  any  direct  evidence  to  prove  that  the  forma- 
tion of  this  dirt  is  the  product  of  ages?  And  if  petroleum  gas  is  the  gas 
concerned  in  the  process  of  formation,  why  do  we  not  find  this  paraffin 
dirt  extending  to  considerable  depth  along  the  passage  of  escape  taken 
by  the  petroleum  gas? 

In  concluding  this  discussion,  the  writer  wishes  to  emphasize  the 
following  points: 

1.  Certain  spongy  soils,  highly  impregnated  with  vegetable  matter, 
should  not  be  mistaken  for  paraffin  dirt. 

2.  Some  reported  important  occurrences  of  paraffin  dirt  are  not  the 
typical  dirt,  but  the  material  referred  to  in  1. 

3.  Small  quantities  of  paraffin  dirt  have  been  observed  at  a  few  of 
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the  important  oil-producing  salt  domes  along  the  Gulf  coast,  but  none 
of  these  domes,  with  the  possible  exception  of  Batson,  was  discovered 
and  drilled  on  the  evidence  of  this  paraffin  dirt. 

4.  Drilling,  based  solely  on  the  presence  of  paraffin  dirt  and  often 
where  this  dirt  has  been  observed  most  characteristically  and  in  unusual 
quantity,  has  almost  invariably  failed  to  open  up  new  commercial 
fields,  or  to  develop  oil  in  anything  like  paying  quantities.  Thousands 
of  doUars  have  already  been  lost  on  such  propositions. 

5.  Paraffin  dirt  as  an  indicator  of  the  presence  of  domes  and  the 
commercial  accumulation  of  oil,  is  so  erratic  and  unreliable  as  to  be  of 
little  concrete  value  to  the  careful,  conservative  investigator. 


The  Byproduct  Coke  Oven  and  its  Products 

Discussion  of  the  paper  of  William  Hutton  Blauvblt,  presented  at  the  Colorado 
meeting,  September,  1918,  and  printed  in  BuUelin  No.  135,  March,  1918,  p.  597. 

* 

Graham  Bright,*  East  Pittsburgh,  Pa. — Bee-hive  coke  ovens  are 
usually  located  at  the  mines,  where  the  gases  from  the  ovens  are  not 
strongly  objectionable  because  the  communities  are  not  thickly  built 
up.  The  byproduct  oven  will  naturally  be  located  near  centers  of  industry, 
to  which  the  coal  can  be  brought  from  different  directions  and  desirable 
mixtures  can  be  made;  where  also  the  byproducts  can  be  readily  marketed, 
while  the  gas  can  be  utilized  for  industrial  and  domestic  purposes. 

Not  much  thought  seems  to  have  been  given  to  the  gases  escaping 
from  the  byproduct  coke  oven,  which  are  more  or  less  objectionable  in 
thickly  populated  sections.  When  the  byproduct  oven  shall  have  been 
more  widely  installed,  this  question  is  likely  to  become  serious,  and  it 
will  be  necessary  to  apply  remedies.  May  I  ask  what  has  been  done,  or 
is  going  to  be  done,  in  this  direction? 

S.  A.  Moss,t  Lynn,  Mass. — One  cause  of  escaping  gas  is  that  the  gas 
exhausters  do  not  supply  the  proper  suction.  If  a  satisfactory  regulating 
governor  is  applied  and  the  correct  kind  of  gas  exhauster  is  used,  the 
trouble  will  be  eliminated. 

J.  I.  THOMPSON,t  Pittsburgh,  Pa. — The  Koppers  Co.  has  made  a  care- 
ful study  of  the  question  of  smoke  prevention.  The  smoke  caused  by 
the  operation  of  the  byproduct  coke  ovens  is  infinitely  less  than  that 
caused  by  bee-hive  ovens. 

The  diflSculties  in  preventing  the  last  traces  of  smoke  in  byproduct 

*  Westinghouse  Electric  and  Manufacturing  Co. 

t  Mechanical  Engineer. 

t  Chief  Engineer,  H.  Koppers  Co. 
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ovens  are  largely  mechanical  but  are  serious  difficulties,  considering  that 
it  is  necessary  to  charge  the  10  to  15  tons  of  toal  into  a  heated  oven  in 
such  a  manner  that  no  gas  shall  escape.  The  principal  loss  of  gas  occurs 
during  this  operation  of  charging  the  ovens  when  it  is  not  possible  to  con- 
duct all  of  the  gas  into  the  mains  leading  to  the  byproduct  apparatus. 
A  great  deal  of  study  is  being  given  to  this  matter,  and  the  Koppers 
Co.  has  constructed  a  plant  in  St.  Paul  which  is  eqmpped  with  certain 
devices  for  correcting  this  nuisance.  The  method  employed  is  to  cany 
a  portion  of  the  escaping  gases  into  the  stack  and  discharge  them  high 
enough  above  the  ground  so  that  they  will  not  be  objectionable,  while 
the  remainder  will  be  recovered  and  led  into  the  byproduct  apparatus. 


The  Use  of  Coal  in  Pulverized  Form 

Discussion  of   the  paper  of  H.  R.  Collins,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  BuUetin  No.  136,  April,  1918,  p.  955. 

E.  A.  H6LBROOK,*Urbana,  111. — To  those  who  have  followed  the  de- 
velopment of  powdered  coal  two  questions  often  occur.  First,  as  to 
the  moisture  in  the  coal.  In  IlUnois  we  recognize  that  the  bituminous 
coals  contain  about  12  to  15  per  cent,  of  what  we  call  "  contained  mois- 
ture," that  is,  the  moisture  is  present  in  the  coal  although  this  may  appear 
absolutely  dry  and  dusty.  In  addition,  the  surface  moisture  may  be 
present  in  any  amount.  I  would  like  to  ask  what  is  the  relative  effect 
of  these  two  forms  of  moisture  upon  the  work  of  pulverizing.  Does 
Mr.  Collins  refer  to  the  contained  moisture  or  to  the  surface  moisture  in 
estimating  the  degree  to  which  the  coal  must  be  dried? 

H.  R.  Collins. — In  the  lignite  coals,  of  which  this  country  possesses 
a  great  deal  and  is  beginning  to  develop  them  to  considerable  extent,  the 
"contained"  or  "combined"  moisture  does  not  trouble  us;  we  have  no 
difficulty  in  reducing  lignites  to  a  high  degree  of  fineness.  But  when  deal- 
ing with  bituminous,  sub-bituminous,  or  semi-bituminous,  we  prefer 
to  reduce  the  combined  moisture  as  well  as  the  hydroscopic  moisture  as 
far  as  possible. 

We  have  recently  put  into  operation,  at  a  plant,  furnaces  and  boilers 
consuming  the  lignite  from  northern  New  Mexico,  which  contains 
between  4  and  5  per  cent,  moisture  as  we  pulverize  and  burn  it. 

The  evaporating  efficiencies  under  the  boilers  have  been  so  remarkable 
that  we  wish  to  check  the  results  half  a  dozen  times  before  quoting  them. 
We  have  also  just  started  two  boilers  at  the  Garfield  smelter,  and  have 
obtained  the  same  high  efficiencies. 

•  Supervising  Mining  Engineer  and  Metallurgist,  U.  S.  Bureau  of  Mines. 
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E.  A.  HoLBROOK. — My  second  question  relates  to  the  objectionable 
slagging  that  sometimes  occurs  when  pilverized  bituminous  coals  are 
used  as  boiler  fuel.  The  first  pulverized-coal  installation  I  saw  in  this 
country  was  of  Bettington  boilers  at  one  of  the  Nova  Scotia  coal  mines; 
there  their  great  difficulty  arose  from  the  slagging  of  the  ash  due  to  the 
exceedingly  high  temperatures. 

H.  R.  Collins. — Slag,  as  a  rule,  does  not  seriously  affect  metal- 
lurgical work,  but  in  boiler  practice  it  has  given  a  lot  of  trouble  and  re- 
quired a  great  deal  of  study  and  experiment.  Temperature  we  were 
all  famiUar  with,  but  failed^  in  the  beginning  to  take  into  account  the 
expansion  of  gases.  If  the  air  goes  into  the  furnace  preheated,  its 
volume  at  that  temperature  must  be  taken  into  account.  For  many 
years,  furnaces  were  made  too  small,  and  when  we  began  to  develop  these 
high  temperatures  we  were  continually  burning  out  our  brick-work, 
especially  when  it  became  necessary,  as  in  electric  generating  plants, 
to  drive  the  boilers  at  200  to  225  per  cent,  of  their  rated  capacity.  The 
driving  of  the  gases  through  restricted  passages,  at  high  temperature  and 
high  velocity,  caused  almost  complete  erosion  of  fire-bricks  in  from  2 
to  3  weeks. 

After  a  great  deal  of  experiment,  we  found  that  if  the  velocity  of  the 
heated  gases  were  reduced,  erosion  of  the  fire-brick  ceased.  In  boiler 
installations,  in  order  to  complete  the  combustion  of  the  pulverized  fuel 
in  suspension,  we  increase  the  volume  of  the  combustion  chambers. 

The  disadvantage  of  slagging  has  been  greatly  reduced  by  the  practice 
of  burning  all  the  carbon  in  the  fuel  while  in  suspension,  so  that  partly 
burned  carbon  is  not  projected  against  the  refractories;  and  the  passing 
of  a  column  of  cooler  air  from  the  outside  through  the  bottom  of  the  fire- 
box diminishes  slagging.  To  increase  our  CO2  to  16  or  17  per  cent.,  we 
diminish  the  air  going  through  the  burners  and  let  it  go  in  at  the  bottom. 
This  seems  to  eliminate  slagging,  and  the  ash  deposited  is  fine  and  floc- 
culent,  resembling  discolored  flour. 

Walter  Graham,*  Washington,  D.  C. — Regarding  the  application, 
of  pulverized  coal  to  the  open-hearth  steel  furnace,  Mr.  Collins  states 
that  the  sulfur  in  the  coal  will  not  detract  from  the  quality  of  the  steel, 
and  that  the  ash  does  not  interfere  in  the  regenerators. 

At  present  it  is  my  special  task  to  stimulate  the  production  of  steel 
and  improve  its  quality.  I  am  trying  to  help  increase  the  quantity  of 
steel  by  10  per  cent.,  which  will  be  about  3,200,000  tons,  or  equivalent 
to  the  output  of  several  large  steel  works. 

The  use  of  gas  coal  has  not  been  very  successful  lately  in  steel  mills. 
I  found  one  works  in  which  they  were  making  only  about  20  per  cent,  of 
their  potential  production,  the  trouble  being  mostly  with  the  gas  coal, 


•Captain,  Ordnance  Department,  U.  S.  Army. 
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which  was  unscreened.  They  were  taking  the  gas  from  one  furnace 
10  hr.  to  get  another  one  out  in  24  hr.,  when  the  time  should  have  been 
10  or  12  hr.;  they  were  making  9  heats  instead  of  21.  Two  of  those 
were  high  in  sulfur,  and  were  taken  for  nut  steel;  of  the  seven  others  we 
rejected  65  per  cent.,  leaving  less  than  20  per  cent,  of  the  potential  output. 
The  cause  was  mostly  the  poor  preparation  of  the  coal. 

While  I  was  in  the  Fuel  Administration,  I  was  made  a  special  in- 
vestigator to  report  on  the  cleaning  of  coal.  On  going  through  the  records 
of  the  Bureau  of  Mines  and  the  Geological  Survey,  I  estimated  that 
there  is  5  per  cent,  more  ash  and  sulfur  in  the  coal  this  year  than  before 
the  war;  this  means  12.5  per  cent,  less  efficiency.  It  also  means  650,000 
extra  carloads  of  ash  and  sulfur  to  be  carried  this  year,  requiring  50,000 
coal  cars;  a  loss  of  12.5  per  cent,  efficiency  is  equivalent  to  85,000,000 
tons  of  coal,  which  is  greater  than  our  shortage. 

The  importance  of  cleaner  coal  is  most  pressing.  I  see  the  necessity 
for  it  everywhere,  and  particularly  in  the  steel  works,  where  it  a£fecU 
the  quaUty  of  pig  iron,  the  quaUty  of  coke,  and  the  quaUty  and  quantity 
of  steel.  It  increases  the  consumption  of  manganese  in  the  steel  furnace 
and  of  limestone  in  the  blast  furnace,  and  is  cutting  down  production. 

H.  R.  Collins. — Copper  is  one  of  the  most  active  absorbers  of  sulfur 
that  we  know.  A  year  and  a  half  ago,  we  made  a  trial  of  pulverized  coal 
on  one  of  the  American  Smelting  and  Refining  Company's  copper 
furnaces  in  New  Jersey,  melting  electrolytic  copper.  The  tests  lasted  a 
week,  and  the  analysis  of  the  resulting  copper  showed  no  increase  in 
sulfur.  The  same  seems  to  hold  true  in  steel.  The  act  of  burning  the 
coal  in  suspension,  in  such  a  finely  divided  state,  seems  to  consume  the 
sulfides,  although  sulfates  are  not  efifected. 

Bradley  Stoughton,  New  York. — It  is  embarrassing  for  a  steel  man, 
in  a  large  company  of  coal  men,  to  say  that  we  blame  the  sulfur  in 
our  steel  partly  on  the  coal,  but  nevertheless  we  do.  The  statement 
that  Mr.  OoUins  has  just  made  is  contrary  to  all  the  experience  of  steel 
men,  and  I  shall  be  very  happy  if  he  will  show  us  that  steel  does  not 
absorb  a  part  of  the  sulfur  that  goes  into  the  furnace  in  pulverized  fuel, 
or  in  oil,  or  in  gas.  Any  evidence  that  Mr.  Collins  has  on  this  point 
ought  to  be  presented,  because  it  is  very  important.  I  do  not  think 
that  the  copper  experiment  is  quite  conclusive  as  to  the  behavior 
of  steel. 

MiLNOR  Roberts,*  Seattle,  Wash.-MIJoal  is  being  burned  in  pul- 
verized form  in  the  State  of  Washington  in  large-scale  operations  under 
the  general  conditions  described  by  Mr.  CoUins.  The  coals  that  are 
being  used  are  described  in  F.  A.  Hill's  paper  on  "Coal  Mining  in  Wash- 
ington."^ The  powdered  coal  is  being  used  for  heating,  smelting  and 
power  generation. 

*  Dean,  College  of  Mines,  University  of  Washington . 
1  BuUeiin  136  (April,  1918)  951. 
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The  Puget  Sound  Traction,  Light  and  Power  Company's  Western 
Avenue  plant  in  Seattle,  a  central  heating  station  containing  10  boilers 
aggregating  4100  hp.,  has  replaced  oil  fuel  with  pulverized  coal.  The 
pulverizing  plant  is  located  directly  across  the  Avenue,  the  product  being 
conveyed  imder  ground  and  delivered  to  feeding  bins  above  the  boilers. 
Coal  prepared  at  this  plant  is  also  distributed  by  truck  to  a  number  of 
large  buildings  having  their  own  heating  plants.  The  Western  Avenue 
station  is  beUeved  by  its  operators  to  be  the  largest  of  its  kind  that  is 
using  powdered  coal  today. 

Fifteen  tests  of  Washington  coals,  in  lots  of  about  10  tons,  have 
recently  been  made  at  the  Weslern  Avenue  station  in  a  300-hp.  Babcock 
&  Wilcox  boiler.  The  results,  as  reported  by  the  chief  engineer,  are 
in  part  as  follows:  Evaporation  per  pound  of  coal,  from  and  at  212°  F., 
8  to  9.3  lb.  Carbon  dioxide  in  flue  gas,  13.  to  17  per  cent.  B.t.u.  per 
poulid  of  powdered  coal,  9688  to  12,734.  Efficiency,  65  to  77  per  cent. 
In  operation,  an  evaporation  of  8.5  lb.  is  expected.  By  way  of  com- 
parison, it  may  be  noted  that  the  same  company's  Post  Street  power 
plant,  where  chain-grate  stokers  are  used,  with  similar  coals,  under 
boilers  aggregating  3000  hp.,  shows  an  evaporation  of  about  6  lb.  per 
pound  of  coal. 

Steam  power  plants  in  which  coal  is  burned  in  pulverized  form  are  in 
operation  at  the  Black  Diamond  coal  mines,  where  nine  boilers  are  in 
commission,  and  at  Newcastle,  where  the  plant  has  been  partly  converted 
to  the  method.  At  the  Tacoma  Smelter  pulverized  coal  has  replaced 
oil  in  a  reverberatory  smelting  furnace  which  treats  copper  ores. 

It  is  feasible  to  use  any  of  the  Washington  coals  in  powdered  form, 
but  the  lignite  and  the  sub-bituminous  types  have  proved  especially 
suitable.  Coals  of  these  grades,  in  fine  sizes,  may  be  bought  on  con- 
tract at  low  prices  because  they  form  practically  a  waste  product. 

Erskine  Ramsay,  Birmingham,  Ala. — Captain  Graham's  interesting 
remarks  about  the  country's  great  necessity  for  clean  coal  bring  to  my 
mind  certain  advances  made  along  this  line  in  Alabama. 

There  is  a  strong  demand  today  for  some  comprehensive  means  of 
adequately  and  properly  determining  the  daily  quality  of  the  particular 
coal  sent  out  by  each  and  every  individual  miner,  it  being  important 
that  the  means  adopted  shall  show  the  percentages  of  slack,  lump,  and 
slate  contained  in  the  cars  sampled,  and  it  is  essential  that  the  cars  thus 
sampled  shall  constitute  a  large  proportion  of  the  total  cars  dumped 
daily.     Heretofore  there  has  been  no  way  to  accomplish  this. 

The  system  in  use  at  many  Alabama  mines  consists  simply  of  select- 
ing at  random  from  time  to  time,  during  each  day,  as  many  as,  say,  a 
dozen  mine  cars  from  various  miners,  the  entire  contents  of  each  being 
laboriously  hand-picked  in  order  to  ascertain  just  how  much  slate  is 
in  each  one.     The  amount  of  slate  found  in  each  car  picked  is  regarded 
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as  the  fair  average  for  air  of  the  cars  coming  from  the  particular  miner 
loading  the  sampled  car. 

One  or  two  slate  pickers  are  daily  employed  at  the  average  mine. 
They  pick  by  hand  an  average  of  about  1  per  cent,  of  the  total  mine 
output,  but,  of  course,  a  varying  and  indefinite  proportion  of  the  cars 
loaded  by  each  miner.  Fixed  penalties,  known  as  dockages,  are  made 
for  give»  percentages  of  slate.  At  a  few  mines,  however,  as  an  induce- 
ment for  the  loading  of  clean  coal,  where  the  car  picked  is  found  to 
contain  less  slate  than  a  fixed  amount,  a  bonus  or  premium  is  given, 
which  offsets  in  some  degree  the  amount  docked.  As  most  of  the  mines 
do  not  give  any  bonus  or  in  any  way  reward  the  loading  of  clean  coal, 
there  is  not  any  special  incentive  for  the  loading  of  coal  free  from  slate. 
With  the  daily  picking  of  such  small  proportions  of  the  total  mine  cars 
dumped,  some  of  the  miners  may  feel  that  they  can  safely  ignore  such 
examinations,  and  that  dirty  coal  would  run  a  good  chance  of  not  being 
detected. 

The  old  system  is  uncertain  and  inadequate,  for  the  reason  that  cars 
selected  at  such  long  intervals  cannot  possibly  give  the  true  average 
quality  of  all  coal  loaded  by  each  individual  miner.  Sample  cars  from 
the  same  miner,  selected  at  different  times  during  the  day,  show  vary- 
ing percentages  of  both  slate  and  slack,  as  cars  loaded  during  the  early 
part  of  the  day's  work,  and  especially  from  rooms,  contain  relatively 
high  percentages  of  lump  and  low  percentages  of  slate,  as  compared 
with  those  loaded  later  in  the  day  when  the  places  are  being  cleaned  up. 

Slate  pickers  are  often  paid  so  much  per  can  of  slate  found  in  the 
cars  they  pick.  This  leads  to  confusion  and  discontent.  The  miners 
protest  that  the  present  haphazard  system,  as  between  man  and  man, 
is  unfair,  and  it  results  in  frequent  and  troublesome  disputes  between 
the  management  and  the  men. 

The  Ramsay  mine-run  sampler,  which  we  are  using,  avoids  such 
annoying  disputes  and  disagreements,  and  secures  without  friction  or 
trouble  the  loading  of  a  much  more  satisfactory  and  uniform  grade  of 
clean  coal.  Improved  conditions  are  brought  about  not  only  without 
additional  expense,  but  even  at  less  total  cost.  Our  experience  during 
the  past  3  years  has  proved  advantageous  to  both  the  operator  and 
the  clean  coal  miner.  The  miner  who  is  compelled  to  improve  the 
character  of  his  work  or  go  elsewhere  is  the  one  who  habitually  loads 
dirty  coal.  If  he  objects  to  this  hew  plan  of  taking  a  fair  sample  from 
each  of  a  large  number  of  his  cars,  it  is  because  it  plainly  and  positively 
shows  the  character  of  coal  he  loads  every  day.  One  of  the  best  points, 
however,  is  that,  under  our  new  system,  a  man  loading  clean  coal  is  not 
subjected  to  a  penalty  on  account  of  the  dirty  coal  loaded  by  his  fellow 
miner. 

In  order  that  every  miner  may  know  every  day' what  grade  of  coal 
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each  miner  is  loading,  the  sample  record  as  to  both  slate  and  slack  is 
entered  daily  on  a  public  slate  tally  sheet  kept  at  the  mine,  and  at  the 
end  of  the  month  each  man's  monthly  average  is  also  shown.  The  moral 
effect  of  making  this  information  public  is  good,  even  without  penalties,  as 
no  man  wants  to  be  found  at  the  foot  of  his  class.  When  a  plan  entailing 
a  penalty  or  the  giving  of  a  premium  is  in  effect,  the  averages  are  used 
in  determining  the  amounts. 

In  using  our  new  sampler  system,  relatively  small  samples,  running 
from  100  to  200  lb.,  are  taken  from  a  large  portion  of  the  total  mine  cars 
dumped  daily.  The  apparatus  we  have  in  operation  takes  these  small 
fair  samples  from  the  whole  contents  of  a  mine  car.  These  samples 
are  screened,  so  that  the  slate  is  quickly  and  thoroughly  picked  by  hand, 
using  the  screen  as  a  picking  belt.  Wlien  it  is  borne  in  mind  that  the 
time  and  labor  required  to  hand-pick  one  of  our  3-ton  cars  of  coal,  under 
the  old  way  of  sampling,  is  sufficient  with  the  new  plan  to  screen,  pick,  and 
record  the  100-lb.  samples  from  at  least  75  different  mine  cars,  the  ad- 
vantage of  the  sampler  is  apparent. 

At  our  Banner  mine,  it  formerly  required  three  men  to  pick  the  entire 
coal  contained  in  a  limited  number  of  mine  cars,  while  with  our  present 
system  three  men  take  and  pick  the  great  number  of  relatively  small 
samples.  Formerly  eight  men  were  required  at  the  picking  belt,  but 
new  four  men  easily  do  the  work.  The  efficiency  and  economy  of  our 
new  arrangement  is  found  in  the  surprising  fact  that  the  total  amount 
of  refuse  going  to  the  waste  dump  fell  off  50  per  cent,  shortly  after  the 
sampler  was  installed.  To  put  it  differently,  the  refuse  going  to  the  waste 
dump,  before  the  installation  of  the  sampler,  ran  over  20  per  cent,  of 
the  total  output  of  the  mine  and  this  is  now  less  than  10  per  cent. 
On  the  mine's  total  monthly  output,  40,000  tons,  we  get  a  saving  of  more 
than  4000  tons  of  coal,  f  .o.b.  railroad  cars,  which  means  that  4000  tons 
of  slate  are  now  being  kept  in  the  rooms  and  in  its  place  4000  tons  of  coal 
are  sent  out. 

The  sampler  screen  speeds  up  the  actual  treatment  of  the  samples, 
and  gives  a  record  of  the  percentages  of  slack  and  lump,  thereby  showing 
what  miners  are  shooting  their  coal  to  pieces.  This  feature  is  especially 
valuable  at  mines  loading  domestic  coal. 

The  sampler  has  a  series  of  pockets  or  compartments  arranged  trans- 
versely in  the  bottom  of  the  tipple  chute.  The  covers  permit  any  sample 
pocket  to  be  opened  at  will,  thus  varying  the  portion  of  the  car  from 
which  the  sample  is  taken,  as  the  pocket  can  be  opened  at  any  time  during 
the  flow  of  the  stream  of  coal  from  the  car.  In  this  way  samples  are 
taken  from  any  part  of  the  car.  Five  samples  are  taken  by  the  New 
Castle  machine  just  as  fast  as  the  cars  can  be  dumped  and  without  in- 
terfering in  any  way  with  the  speed  of  the  dumping  operation.  The 
samples  are  taken,  screened,  picked,  weighed,  and  recorded  at  the  rate 
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of  one  every  2  minutes.  With  the  data  furnished  by  the  sampler, 
the  operator  knows  what  parts  of  the  mine,  if  any,  are  giving  the  best 
product,  and  he  can  therefore  make  changes  of  correction  where  necessar}'. 
Where  the  coal  is  loaded  in  the  railroad  cars  as  run-of-mine,  the  tally 
sheet  record  not  only  shows  the  quality  of  coal  loaded  in  every  railroad 
car  but  it  actually  shows  who  loaded  the  coal. 

H.  N.  Eavbnson,  Gary,  W.  Va. — Mr.  Collins  states  that  he  can 
burn  any  fuel  having  from  1.5  to  3  per  cent,  of  volatile  matter,  but 
that,  for  almost  all  purposes,  he  prefers  fuel  having  35  per  cent,  or  more. 
The  highest-grade  coal  that  we  use  is  the  semi-bituminous  coal,  which  is 
low-volatile  (about  15  per  cent,  to  20  per  cent.)  and  low-sulfur,  but 
high-heat  content  coal,  running  as  high  as  15,500  B.t.u.  per  pound. 
I  would  like  to  know  what  his  experience  with  such  coals  has  been; 
whether  they  are  less  desirable  than  the  higher-volatile  coals  on  account 
of  trouble  with  the  brick  work,  or  in  operation,  or  on  account  of  the 
higher  price  usually  charged  for  those  coals. 

H.  R.  Collins. — The  low-volatile  anthracites  can  be  burned  satis- 
factorily only  in  a  special  furnace,  for  the  simple  reason  that  the  tempera- 
ture must  be  brought  high  enough  to  burn  the  carbon  as  it  enters.  As  to 
the  higher-volatile  coals,  there  is  a  point  between  the  low-volatile  and 
those  having  the  percentage  of  volatiles  mentioned,  at  which  some  slight 
trouble  is  encountered,  but  there  is  no  danger  of  not  being  able  to  burn 
any  of  it.  The  only  annoyance  occurs  when  designing  the  proper  fir^ 
boxes  for  fuels  ranging  from  1.5  up  to  25  per  cent,  volatiles.  The  size 
of  the  returning  arch  must  be  reduced  as  the  volatiles  increase.  With 
coal  having  25  per  cent,  volatile,  there  is  no  trouble  in  burning  it  in 
an  open  chamber. 


Coal  Mining  in  Washington 

Discussion  of  the  paper  of  F.  A.  Hill,  presented  at  the  Colorado  meeting,  September, 
1918,  and  printed  in  Bulletin  No.  136,  April,  1918,  p.  951. 

MiLNOR  Roberts,*  Seattle,  Wash,  (written  discussionf). — The  coal 
fields  of  Washington,  on  which  Mr.  F.  A.  HilFs  paper  gives  much  detailed 
information,  he  on  the  western  slope  of  the  Cascade  Range,  which  ex- 
tends north  and  south  through  the  State  just  west  of  its  center.  The 
mines  are  on  the  lower  half  of  the  slope,  the  Ugnite  fields  of  Lewis  and 
Thurston  Counties  extending  into  valleys  and  low  hills  west  of  the  moun- 
tains. An  exception  is  to  be  noted  in  the  case  of  the  Roslyn  field,  a  small 
but  important  area  which  lies  on  the  eastern  slope. 

*  Dean,  College  of  Mines,  University  of  Washington, 
t  Received  Sept.  13,  1918. 
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The  degree  of  alteration  which  the  coal  of  a  particular  field  in  Wash- 
ington has  undergone  may  be  gaged  roughly  by  the  position  of  the  field 
with  reference  to  the  Cascade  Mountains.  The  lignites  of  Tenino,  Tono 
and  Castle  Rock,  on  the  railway  line  connecting  Seattle  and  Portland, 
all  occur  in  a  region  of  low  relief,  in  which  the  Eocene  coal  meaures  have 
suffered  only  minor  disturbances.  Sub-bituminous  coals,  which  are  most 
typical  of  the  State,  occur  in  the  foothills,  as  at  Renton  and  Newcastle* 
Coals  high  in  fixed  carbon  are  found  farther  in  the  mountains,  where  the 
measures  have  been  sharply  tilted  and  folded,  for  example  at  Black  Dia- 
mond and  Carbonado.  The  two  anthracite  fields  are  located  still 
higher,  in  rugged  mountains  where  outcrops  appear  both  in  deep  gorges 
and  on  ridges  at  elevations  approaching  5000  feet. 

The  costs  of  mining  appear  erratic  when  compared  with  those  in  other 
States.  The  lignites,  as  a  rule,  are  mined  cheaply,  as  stated  in  the  paper, 
but  so  also  are  certain  other  beds  which  lie  at  convenient  angles  of  dip, 
have  good  roof,  and  contain  gravity  coal.  Naturally,  such  beds  already 
discovered  have  been  attacked  first. 

Washington  coals  are  being  burned  successfully  in  pulverized  form 
in  a  copper-smelting  reverberatory,  in  the  heating  plants  of  several 
buildings,  and  in  a  large  central  heating  station  in  Seattle.  It  is  impor- 
tant for  the  coal-mining  industry  that  uses  should  be  found  for  the  fine 
sizes  of  coal;  these  products  are  considerable  in  amount,  but  scarcely 
any  demand  exists  for  them  at  present.  Briquets  have  been  in  use  for 
domestic  purposes  for  several  years,  and  now  the  use  of  pulverized 
coal  seems  Hkely  to  offer  a  market  for  the  fine  sizes  in  the  lignite  and  sub- 
bituminous  grades. 

The  use  of  pulverized  coal  in  boiler  plants,  to  be  located  at  the  mines, 
is  a  possible  source  of  power  to  compete  in  the  cities  of  the  Puget  Sound 
region  with  hydro-electric  power.  Washington  has  greater  water-power 
resources  than  any  other  State  in  the  Union,  but  it  seems  probable  that 
coals  of  the  cheaper  grades  and  sizes  can  produce  power  in  competition 
with  hydro-electric  plants,  excepting  those  that  enjoy  unusually  low  costs. 
In  future  this  comparison  should  prove  still  more  favorable  to  coal,  for 
the  reason  that  water  wheels  have  already  reached  a  very  high  degree  of 
efficiency,  while  power  derived  from  steam  falls  far  short  of  the  ideal. 
Both  the  Puget  Sound  Traction  Light  and  Power  Co.  and  the  City  of 
Seattle  have  steam-power  auxiliaries  to  their  large  hydro-electric  power 
systems. 

The  coal  fields  of  Washington  are  the  only  extensive  ones  in  the  Pa- 
cific Coast  States;  they  supply  a  large  territory  and  the  coal  is  used  for 
a  wide  variety  of  purposes,  from  gas  making  to  bunkering  steamers. 
Under  such  conditions  it  is  unusually  important  that  the  coal  be  mined 
with  the  least  waste,  prepared  as  carefully  as  possible,  and  used  to  the 
best  advantage.     The  Pacific  Northwest  Station  of  the  United  States 
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Bureau  of  Mines,  located  at  the  College  of  Mines,  University  of  Washing- 
ton, and  working  in  cooperation  with  the  College,  is  giving  especial  at- 
tention to  these  three  phases  of  the  industry. 


Carbocoal 

Discuasion  of  the  paper  of  C.  T.  MalcolmsoNy  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  Bulletin  No.  137,  May,  1918,  p.  971. 

F.  W.  Spbrr,  Jr.,*  Pittsburgh,  Pa. — Mr.  Malcolmson  states  that  the 
Carbocoal  process  produces  ammonium  sulfate  in  excess  of  that  normally 
recovered  in  the  ordinary  byproduct  coke  process.  Table  3  indicate 
that  20,000  to  25,000  lb.  of  sulfate  of  ammonia  are  obtained  in  carbonizing 
1000  tons  of  Clinchfield  coal.  This  is  a  high-grade  coal  and  yields 
from  26  to  28  lb.  of  ammonium  sulfate  per  ton  in  a  modern  byproduct 
coke  oven.  On  the  next  page,  21  lb.  is  stated  as  the  yield  of  ammonium 
sulfate  per  short  ton  of  raw  coal;  this  is  less  than  the  average  production 
from  any  well  operated  byproduct  coke-oven  plant  treating  coal  of  the 
character  usually  coked  in  Pennsylvania  and  Ohio. 

The  statement  as  to  the  comparative  yields  of  light  oil  is  somewhat 
misleading  in  view  of  the  results  obtained  during  the  past  year  or  two 
by  the  more  modern  byproduct  coke  plants.  The  plants  put  in  operation 
by  the  H.  Koppers  Co.,  during  the  past  two  years,  are  producing  about  3.5 
gal.  of  light  oil  per  short  ton  of  coal,  and  several  of  these  plants  are  pro- 
ducing more  than  4  gal.  per  ton.  The  yield  of  pure  toluene  runs  from 
0.45  gal.  to  0.55  gal.  per  ton. 

The  quality  of  the  light  oil  obtained  from  the  Carbocoal  process  is 
of  much  greater  importance  than  would  be  inferred  by  one  not  closely 
familiar  with  the  subject.  The  presence  of  paraffins  in  the  benzol  and 
toluol  fractions  seriously  detracts  from  their  commercial  value;  the  benzol 
and  toluol  fractions  derived  from  the  Carbocoal  process  contain  about 
50  per  cent,  of  paraffins.  It  should  be  thoroughly  understood  what  these 
paraffins  are.  They  are  simply  hydrocarbons  that  go  to  make  up  ordi- 
nary petroleum,  and  if  a  successful  method  for  the  removal  of  paraflins 
from  benzol  and  toluol  has  been  developed,  this  can  at  once  be  applied 
to  several  well  known  processes  by  which  benzol  and  toluol  can  be  made 
directly  from  petroleum,  which  have  as  yet  been  total  failures  on  account 
of  the  contamination  of  these  products  by  paraffins. 

It  is  very  doubtful  whether  the  method  for  conducting  this  operation, 
of  which  Mr.  Malcolmson  speaks,  has  been  made  commercially  prac- 
ticable. This  separation  of  paraffins  from  benzol  and  toluol  presents  the 
utmost  technical  difficulties,  and  although  a  great  number  of  investigators 

*  Chief  Chemist,  H.  Koppers  Co. 
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have  worked  on  this  subject,  and  although  millions  of  dollars  have  been 
spent  by  various  chemical  and  munition  concerns  in  attempting  to  solve 
the  problem,  no  successfully  commercial  process  has  yet  been  put  into 
operation,  and  the  great  number  of  failures  makes  one  skeptical  as  to 
any  new  and  untried  suggestion  of  this  sort.  The  presence  of  paraffins 
in  excess  of  a  few  per  cent,  in  either  benzol  or  toluol  is  fatal  to  the  suc- 
cessful use  of  either  of  these  materials  in  the  manufacture  of  high  explo- 
sives and  other  important  chemicals  for  which  they  are  so  much  in 
demand.  The  Government  specifications  for  pure  toluol  stipulate  that 
not  more  than  2  per  cent,  of  paraffins  shall  be  present.  It  is  very  im- 
portant to  keep  the  distinction  between  the  light  oil  obtained  by  the 
Carbocoal  process  and  that  obtained  from  coke-oven  gas  well  in  mind. 
The  former  is  of  no  value  except  as  a  source  of  motor  fuel,  while  the  latter 
is  practically  indispensable  as  a  source  of  our  most  important  high 
explosives. 

Charles  H.  Smith,*  New  York,  N.  Y.  (written  discussionf). — I 
should  like  to  clear  up  certain  points  raised  by  Mr.  Sperr,  as  he  has 
apparently  misunderstood  some  of  the  comparisons  made  by  Mr.  Mal- 
colmson  between  the  Carbocoal  process  and  that  of  the  byproduct  coke- 
oven  industry,  and  more  particularly  his  reference  to  our  statement  that 
the  Carbocoal  process  produces  "ammonia  sulfate  in  excess  to  that 
normally  recovered  in  the  byproduct  coke  process." 

Mr.  Sperr  calls  attention  to  the  fact  that  Table  3  of  Mr.  Malcolmson's 
paper  states  that  20,000  to  25,000  lb.  of  ammonium  sulfate  is  recovered 
from  the  carbonization  of  1000  tons  of  Clinchfield  coal,  and  that  later  in 
the  paper  the  statement  is  made  that  21  lb.  of  sulfate  of  ammonia  is 
recovered  per  ton  of  coal  carbonized.  In  the  first  case,  this  paper  is 
dealing  specifically  with  the  results  from  CUnchfield  coal,  and  in  the 
second  case  it  is  dealing  with  an  average  sample  of  high-volatile  coal, 
running  from,  say,  33  to  35  per  cent,  volatile  matter. 

Mr.  Sperr  states  that  if  this  same  coal  were  carbonized  in  a  modern 
byproduct  coke  oven,  the  yield  would  be  from  26  to  28  lb.  of  sulfate  of 
ammonia.  A  modern  byproduct  coke  oven,  in  first-class  operating  con- 
dition, might  be  made  to  yield  the  results  outUned  by  Mr.  Sperr.  On 
the  other  hand,  I  have  in  my  files  the  official  report  of  a  series  of  tests 
by  the  H.  Koppers  Co.  on  this  same  Clinchfield  coal,  under  date  of  June 
3, 1914,  in  which  the  practical  yield  on  an  18-hr.  coking  time  is  given  as 
follows:  Anmionium  sulfate,  20  lb.;  coke,  69  per  cent.;  tar,  7,4  gal. 
The  coke  manufactured  from  this  coal  was  soft  and  spongy  in  structure, 
and  the  H.  Koppers  Co.  reported  that  in  order  to  obtain  a  satisfactory 
metallurgical  coke  it  would  be  necessary  to  admix  approximately  25 

*     '    ^'     ^  W     -  —■       -■  ■  ■■■  -..       — ■  ■■—■111!  ■—  ^"^~^  ^^^~^  II  II  II  II  I     I 

•President,  International  Coal  Products  Corporation.  Inventor  of  the  Carbo- 
coal process. 

t  Received  Oct.  2,  1918. 
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per  cent,  of  low-volatile  coal.  A  further  test  was  made  on  June  5, 1914, 
using  25  per  cent,  of  Pocahontas  and  75  per  cent,  of  Clinchfield  coal, 
from  which  the  following  practical  yields  were  reported:  Ammonium 
sulfate,  19  lb. ;  coke,  76  per  cent. ;  tar,  5  gal. 

The  necessity  of  an  admixture  in  order  to  obtain  coke  with  a  satis- 
factory structure  is  the  point  we  particularly  desire  to  emphasize  in 
comparing  the  two  processes,  rather  than  a  direct  comparison  of  the 
results  that  could  be  obtained  by  carbonizing  the  same  coal  under  the 
two  methods.  Modern  byproduct  coke  practice  is  confined  almost  en- 
tirely to  the  carbonization  of  mixtures  of  coal,  ranging  from  26  to  31  per 
cent,  in  volatile,  in  order  to  get  coke  having  a  satisfactory  structure. 
The  average  yield  of  sulfate  of  ammonisl  in  carbonizing  such  mixtures 
will  approximate  19  lb.  per  ton  of  coal  carbonized.  The  Carbocoal 
process,  on  the  other  hand,  is  especially  adapted  to  carbonizing  coab  of 
higher  volatile  content,  and  particularly  those  coals  ranging  from  33  to 
38  per  cent,  in  volatile,  without  the  necessity  of  admixtures.  This  pro- 
cess, therefore,  is  utilizing  a  fuel  that  would  naturally  yield  a  consid- 
erably larger  quantity  of  sulfate  of  ammonia  and  tar.  The  higher  yields 
in  the  Carbocoal  process,  stated  in  the  Malcolmson  paper,  are  therefore 
to  be  expected,  and  it  was  not  intended  to  make  a  comparison  with  what 
could  be  accomplished  in  byproduct  coke  ovens  if  the  structure  of  the 
coke  were  disregarded  and  high-volatile  coal  were  used  for  carbonizatioD. 
This  explanation  may  serve  to  clear  up  the  point  raised  by  Mr.  Sperr. 

In  regard  to  the  yields  of  light  oil  given  in  the  paper,  there  was  no 
intention  to  belittle  in  any  way  the  results  of  the  byproduct  coke  process. 
We  have  no  doubt  that  the  statement  of  Mr.  Sperr  in  regard  to  the 
yield  of  light  oil  in  some  of  the  latest  H.  Koppers  Co.  plant's  is  accurate. 
The  figures  given  in  the  Malcolmson  paper,  however,  do  not  go  into 
the  results  obtained  under  the  very  best  conditions  in  the  Carbocoal 
process,  but  were  intended  to  represent  average  conditions.  In  testing 
fuels  in  any  carbonization  process,  the  range  of  results  varies  considerably 
with  different  coals,  and  average  results  should  be  taken,  rather  than 
specific  results  obtained  under  the  most  favorable  conditions.  Certain 
coals  tested  in  the  Carbocoal  process  yielded  as  much  as  5  gal.  of  Ught  oil 
per  ton  of  coal  carbonized,  from  the  primary  distillation  alone.  The 
particular  fuel  in  question  was  a  cannel  coal  and  could,  therefore,  not  be 
considered  a  representative  fuel. 

In  regard  to  the  quality  of  the  light  oil  obtained  by  the  Carbocoal 
process,  and  the  value  of  the  tar  oils  in  general,  this  is  a  matter  which 
can  only  be  definitely  proved  by  experience  in  marketing  Carbocoal  oils 
on  a  large  scale.  If  we  estimate  the  average  yield  of  light  oil  from  by- 
product coke  ovens  as  23-^  gal.  and  of  crude  tar  as  6J^  gal.,  we  would 
have  the  following  market  values  under  present  conditions: 
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2H  gal.  light  oil  at  50  c.  per  gal 1 .25 

6J^  gal.  of  tar  at  4  c.  per  gal 0. 26 

Total $1.51 

The  Carbocoal  process  will  yield  20  gal.  of  tar  distillates,  with  an  aver- 
age value  of  24  c.  per  gallon,  or  a  total  value  of  $4.80,  and  by  referring  to 
prices  prevailing  prior  to  the  war  it  will  be  found  that  this  type  of  oil 
never  sold  below  15  to  17  c.  per  gallon.  The  present  market  value  of  the 
two  products  can  therefore  be  easily  compared. 

In  regard  to  Mr.  Sperr's  assumption  that  benzol  and  toluol  fractions 
derived  from  the  process  contain  about  50  per  cent,  of  paraffin,  we  think 
Mr.  Sperr's  assumption  inaccurate.  We  permitted  Mr.  Sperr's  representa- 
tives to  make  certain  tests  on  a  small  apparatus,  in  order  to  confirm  the 
statements  made  by  us  regarding  the  yields.  These  representatives  in- 
formed us  that  the  total  yields  obtained  in  these  tests  were  greater 
than  the  average  yields  represented  by  us  from  the  same  coal.  The  ap- 
paratus used  for  these  tests  was  not  a  commercial  retort,  and  we  have 
learned  by  experience  that  this  laboratory  apparatus  yields  a  light  oil 
containing  approximately  30  to  50  per  cent,  of  paraffins,  as  conipared 
with  4  to  20  per  cent,  of  paraffins  in  the  light  oil  derived  from  the  com- 
mercial retort.  Coke-oven  engineers  will  recognize  that  the  quality  of 
the  results  obtained  from  distilling  coal  in  a  metal  retort,  where  the 
charge  is  limited  to  30  lb.,  will  be  quite  different  from  those  obtained  in 
a  commercial  retort  operating  with  a  capacity  of  1  ton  per  hour,  although 
we  have  found  the  quantity  of  byproducts  obtained  per  ton  to  be  prac- 
tically the  same.  We  might  also  note  the  particular  object  of  the  "crack- 
ing" referred  to  in  the  Malcolmson  paper.  By  this  method  we  have 
completely  eliminated  all  the  paraffins  from  our  light  oil,  and  by  adding 
some  of  our  higher-tar  oil  fractions  we  have  obtained  total  yields  of  toluol 
per  ton  of  coal  several  times  the  total  yield  per  ton  obtained  in  the 
coking  process 

The  present  shortage  of  toluol  and  its  high  price  will  warrant  such 
measuras,  but  in  peace  times  it  is  universally  admitted  that  the  light  oil 
from  both  processes  will  be  largely  marketed  as  motor  spirits,  in  which 
case  the  paraffin  hydrocarbons  present  in  these  oils  will  not  be  ob- 
jectionable, and  on  account  of  lower  freezing  points  and  ease  of  ignition 
may  probably  be  beneficial. 

In  regard  to  the  practicability  of  "cracking"  petroleum  oils  and  pro- 
ducing c.p.  toluol  therefrom,  I  might  add  that,  notwithstanding  the  early 
failures  of  certain  processes,  this  is  now  being  done  on  a  very  large  scale, 
and  that  the  results  therefrom,  up  to  the  present  time,  are  entirely 
satisfactory. 

In  making  a  comparison  of  the  two  processes,  we  do  not  believe  it 
was  Mr.  Malcolmson's  intention  to  compare  the  financial  benefits  or  the 
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economic  status  of  the  Carbocoal  process  with  that  of  the  established  by- 
product coke  industry.  The  two  processes  represent  different  types  of 
carbonization,  yielding  substantially  different  quantities  and  qualities 
of  v&rious  products.  The  Carbocoal  process  yields  a  smokeless  fuel  of 
great  density,  available  for  many  uses  for  which  coke  is  not  suitable,  while 
coke,  on  the  other  hand,  has  well-established  markets  for  metallurgical 
use.  The  byproduct  coke  process  gives  a  substantial  yield  of  surplus 
gas,  and  is  therefore  located  near  where  the  consumption  of  gas  is  great, 
where  it  will  yield  its  greatest  value.  The  Carbocoal  process  uses  all  of 
its  gas  in  the  distillation  of  the  coal  and  in  the  refining  of  the  oils.  Car- 
bocoal plants  will  therefore  be  located  at  the  mines  and  the  Carbocoal 
shipped  to  the  consumer  by  direct  route,  requiring  transportation  facili-  I 
ties  for  only  72  per  cent,  of  the  raw  coal.  In  the  coking  process,  the  en-  J 
tire  coal  required  for  distillation  must  be  shipped  to  the  ovens,  usually 
located  at  a  considerable  distance  from  the  mines,  and  the  finished  prod- 
uct, coke,  representing  70  per  cent,  of  the  original  coal,  re-shipped  to  the 
consumer,  requiring  double  transportation  facilities.  Byproduct  coke 
ovens  produce  light  oil  and  tar,  while  the  Carbocoal  process  produces 
oil  distillates.  The  sulfate  of  ammonia  from  the  same  coal  would  be 
approximately  the  same  in  both  processes,  but  on  account  of  the  higher- 
volatile  coal  ordinarily  used  in  the  Carbocoal  process,  as  compared  with 
that  utilized  in  the  byproduct  coke  process,  the  yield  is  greater  in  the 
Carbocoal  process. 

The  railroads  have  established  coal  rates  for  the  movement  of  Car- 
bocoal, on  account  of  its  density,  as  compared  with  coal.  The  rates  on 
coke,  on  account  of  its  lack  of  density,  are  approximately  15  to  20  percent, 
higher  than  coal  rates  between  the  same  points.  This  alone  is  of  enor- 
mouis  economic  benefit,  as  compared  with  coke  used  for  fuel  purposes. 

The  comparisons  between  the  two  processes  are  not  made  for  com- 
petitive purposes,  but  to  define  clearly  just  what  products  are  derived  from 
the  Carbocoal  process  as  compared  with  the  already  well-known  products 
from  byproduct  cdke  ovens,  and  their  general  suitability  for  market. 

A.  W.  Calloway,*  Washington,  D.  C.  (written  discussion f).— In 
a  discussion  of  Mr.  Malcolmson's  paper  which  describes  the  method  of 
coal  distillation  developed  by  Mr.  C.  H.  Smith,  attention  is  first  directed 
to  the  fact  that  apparently  Mr.  Smith  has  accomplished  by  mechanical 
agitation  what  byproduct  coke-oven  builders  have  been  working  many 
years  to  accomplish  by  other  means;  namely,  the  complete  distillation 
of  coal  in  minimum  length  of  time  with  a  maximum  of  byproduct 
recovery.     The  coke-oven  builders  are  not  changing  the  fundamental 
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t  Received  Oct.  7,  1918. 


CARBOCOAL  1691 

design  of  their  ovens,  but  are  steadily  making  them  narrower.  Two 
benefits  are  deiived  from  the  narrower  ovens;  first,  a  low  wall  tempera- 
ture, which  increases  the  byproduct  recovery,  and  second,  a  faster  coking 
time. 

In  the  usual  byproduct  coke  oven,  the  coal  charge  is  stationary,  and 
the  heat  necessary  for  the  distillation  must  be  transmitted  or  conducted 
from  the  walls  of  the  oven  slowly  through  the  charge,  driving  off  the  vola- 
tile matter  and  coking  the  charge  from  the  sides  to  the  center  of  the  oven, 
the  result  being  a  comparatively  slow  distillation,  with  the  temperature 
of  the  walls  higher  than  necessary  to  coke  the  coal,  because  the  heat  has  to 
be  conducted  through  that  part  of  the  charge  already  coked;  and  while 
the  charge  in  coking  shrinks  away  from  the  walls  there  is  a  gap  left  which 
retards  the  transfer  of  heat  from  the  walls  and  also  allows  the  gases  given 
off  to  pass  up  the  sides  of  the  hot  wall,'  where  some  of  the  hydrocarbons 
are  broken  down,  causing  loss  in  byproduct  recovery. 

An  interesting  development  in  this  connection  is  the  discovery  that 
with  the  narrow  ovens  and  short  coking  time  it  is  possible  to  coke  coals 
that  could  not  be  satisfactorily  coked  in  wide  ovens;  if  it  is  granted  that 
quick  application  of  heat  to  coal  increases  its  tendency  to  coke,  then  one 
would  expect,  in  a  mechanically  agitated  retort  where  all  particles  of 
coal  in  the  charge  come  directly  in  contact  with  the  hot  walls,  to  find  it 
possible  to  coke  coals  that  could  not  be  coked  in  the  ordinary  byproduct 
coke  ovens.  This  is  just  what  Mr.  Smith  has  demonstrated  can  be  done, 
in  his  primary  retorts  at  his  experimental  plant  at  Irvington. 

If  the  mechanical  features  of  this  operation  have  been  successfully 
worked  out  at  Irvington,  as  indicated  in  the  paper,  then  Mr.  Smith 
has  indeed  made  a  tremendous  stride  in  the  direction  of  utilizing  large 
fields  of  bituminous  coal  throughout  the  country  to  the  best  advantage. 

In  the  primary  retorts  in  the  Carbocoal  process,  where  the  charge  of 
coal  is  in  motiftn,  and  each  particle  of  coal  comes  in  contact  with  the 
heated  wall  of  the  retort,  it  is  possible  to  operate  with  a  much 
lower  waU  temperature,  and  the  coking  effect  is  obtained  without  the 
breaking  down  of  the  hydrocarbons  to  such  an  extent  as  they  are 
broken  down  in  the  other  byproduct  coke  ovens.  This  has  long  been 
recognized  as  the  ideal  condition  for  coal  distillation,  and  if  Mr.  Smith 
has  perfected  the  method  we  should  then  expect  his  results  in  the 
recovery  of  byproducts  to  show  a  very  high  production  of  tar  and  light 
oils,  with  probably  a  considerably  reduced  yield  of  gas.  We  would  not 
expect  a  maximum  yield  of  ammonia  at  this  low  temperature,  but  Mr. 
Smith  in  his  secondary  distillation  appears  to  recover  approximately  as 
much  ammonia  as  ordinarily  is  recovered  in  the  byproduct  coke  oven 
distillation. 

Tar. — Mr.  Malcolmson  has  stated  that  a  yield  of  approximately 
30  gal.  of  tar  per  ton  of  coal  is  obtained  in  the  combined  primary  and  sec- 
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ondary  distillations  in  the  Carbocoal  manufacture.  Judged  by  the  stand- 
ards of  the  best  practice  in  byproduct  coke-oven  work,  this  yield  appears 
excessive,  but  with  Mr.  Smith's  extremely  low-temperature  distillation 
I  believe  that  such  recovery  may  be  obtained,  although  it  is  at  the  expense 
of  a  certain  amount  of  gas.  On  account  of  its  value,  however,  the  in- 
crease in  tar  should  offset  the  value  of  the  gas  that  would  be  obtained 
from  a  higher-temperature  distillation. 

Sulfate  of  Ammonium. — Mr.  Malcolmson  claims  a  recovery  of  approxi- 
mately 20  to  25  lb.  of  ammonium  sulfate  per  ton  of  coal,  depending  upon 
the  volatile  matter  of  the  coal.  This  compares  favorably  with  byprod- 
uct coke-oven  practice. 

Light  Oils. — Mr.  Malcolmson  reports  light  oil  recovery  of  2  to  3 
gal.  per  ton  of  coal.  This,  I  should  say,  is  slightly  below  the  best  by- 
product coke-oven  practice  on  coals  of  the  same  volatile  contents.  It 
is  my  und.erstanding,  however,  that  his  percentage  of  toluol  in  this 
light  oil  is  high,  as  would  have  been  expected  from  his  low-temperature 
distillation. 

Gas. — The  production  of  gas  is  reported  to  be  from  5000  to  6000 
cu.  ft.  of  very  rich  gas  in  the  primary  distillation,  and  4000  cu.  ft.  of  lean 
gas  in  the  secondary  distillation,  making  a  total  of  9000  to  10,000  cu.  ft. 
of  gas  per  ton  of  coal,  the  total  heating  value  of  which  is  about  85  per  cent, 
of  the  heating  value  of  the  gas  produced  in  the  byproduct  coke-oven 
operation,  and,  I  should  say,  compares  favorably,  considering  the  low 
temperature  of  the  primary  distillation.  Mr.  Malcolmson  states  that  at 
the  present  stage  of  development  all  of  the  gas  recovered  is  required  for 
the  primary  and  secondary  retorts;  considering  the  low  temperature 
required  for  the  operation,  and  the  fact  that  only  46  per  cent,  of  the  gas 
made  in  byproduct  ovens  is  required  for  this  operation,  it  appears  to  the 
writer  that  there  is  yet  room  for  improvement,  either  in  the  design  or 
construction  of  the  retorts,  whereby  it  should  be  possiblfe  to  get  better 
economy  out  of  the  gas  used,  and  probably  have  surplus  gas  sufficient  to 
furnish  power  for  the  plant  and  for  the  distillation  of  the  pitch  required 
for  a  binder  in  making  the  briquets. 

Mr.  Malcolmson  called  attention  to  the  possibilities  of  the  applica- 
tion of  the  Smith  process  in  the  production  of  a  fuel  suitable  for  use  in 
the  byproduct  gas  producers,  in  which  the  gas  would  be  scrubbed  and 
the  ammonia  extracted,  his  idea  being  to  use  the  semi-Carbocoal;  that  is. 
the  residue  of  the  distillation  in  the  primary  retorts,  and  which  contains 
considerable  ammonia,  for  a  fuel  for  byproduct  gas  producers  in  connec- 
tion with  steam  plants.  It  is  the  writer's  opinion  that  this  might  be 
practical,  but  better  economy  would  be  effected  by  the  use  of  this  fuel 
in  byprodut't  gas  producers  furnishing  gas  for  internal-combustion  en- 
gines, in  which  a  greater  efficiency  will  be  derived  from  the  gas  than  if  it 
were  fired  under  boilers  for  steam  generation. 
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Development  of  the  Coke  Industry  in  Colorado,  Utah, 

and  New  Mexico 

Discuflsion  of  the  paper  of  F.  C.  Milubr,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BuUetin  No.  140,  August,  1918,  p.  1307. 

C.  H.  GiBBS,*  Salt  Lake  City,  Utah  (written  discussiont). — The 
development  of  the  coke  industry  in  Utah  had  a  somewhat  checkered 
career  for  the  first  50  years  of  its  existence.  About  1861  the  iron-ore 
deposits  of  the  Iron  Springs  and  Iron  Mountain  mining  districts.  Iron 
County,  Utah,  were  discovered.  Obtaining  of  iron  for  any  purpose 
at  the  time  involved  its  shipment  from  the  Mississippi  River  to  Utah,  by 
ox-team.  The  result  was  that  the  pioneers  endeavored  to  establish 
an  iron-ore  smelting  plant  at  what  was  known  as  Iron  City,  near 
Iron  Mountain,  in  Iron  County.  Bishop  Taylor,  who  headed  this 
enterprise,  endeavored  to  obtain  coal  suitable  for  coking  from  the 
Cretaceous  coal  measures  immediately  east  of  Cedar  City.  A  few  small 
bee-hive  coke  ovens  were  built  and  lump  coal  was  coked  in  these  ovens; 
or,  more  properly  speaking,  the  volatile  matter  of  the  lump  coal  was 
driven  off,  leaving  a  carbonized  material  that  retained  the  lump  shape, 
although  it  was  extremely  friable.  This  coke  was  promptly  found  to 
be  unsuitable  for  iron  smelting,  not  only  due  to  its  extreme  weakness  under 
smelting  load,  but  also  because  of  the  fact  that  it  carried  about  5  per 
cent,  sulfur.  Bishop  Taylor  made  a  very  thorough  and  exhaustive 
effort,  covering  a  considerable  period  of  years,  to  locate  suitable  coking 
coal  in  Southwestern  Utah.  His  efforts  failed,  and  in  1902  the  iron-ore 
property  acquired  by  him  and  associates  was  sold  to  the  Colorado  Fuel 
and  Iron  Co.  It  is  of  interest  to  note  in  this  connection  that  the  iron-ore 
deposits  of  Iron  County  at  present  are  the  largest  known  undeveloped  iron- 
ore  fields  on  the  North  American  continent.  It  is  safe  to  say  that  there 
is  at  least  one  hundred  million  tons  of  55-per  cent,  ore  actually  in  sight. 

In  1878,  coal-mining  operations  were  begun  at  Connellsville, 
in  Huntington  Canyon,  Emery  County.  Ten  8-ft.  bee-hive  ovens  were 
constructed,  and  lump  coal  was  carbonized  for  use  in  the  Salt  Lake  valley 
smelters.  The  product  was  somewhat  better  than  that  obtained  in 
Iron  County,  but  was  still  of  very  inferior  quaUty.  It  had  to  be  hauled 
a  distance  of  140  miles  by  wagon  to  the  two  small  smelters  then  operating 
in  Salt  Lake  valley.    These  ovens  operated  only  a  very  short  time. 

The  next  move  toward  obtaining  a  coking  coal  was  in  1889  when  the 
Pleasant  Valley  Coal  Co.  began  operations  in  the  Castle  Gate  district. 
In  1890,  eighty  8-ft.  bee-hive  ovens  were  constructed,  and  the  product 
was  used  until  1900  in  all  the  smelters  in  Utah.  During  this  period, 
124  additional  ovens  were  constructed,  making  a  total  of  204  bee-hive 
ovens  operating  at  Castle  Gate. 

*  Geologist,  Utah  Fuel  Co. 
t  Received  Sept.  14,  1918. 
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The  Castle  Valley  coal  field  was  thoroughly  prospected  during  the 
'90^8  for  a  better  quality  of  coking  coal,  and  in  1898  natural  coke  was 
discovered  at  the  present  location  of  Sunnyside.  This  natural  coke 
was  formed  by  the  burning  and  carbonizing  of  outcrop  coal.  Due  to 
its  hardness  it  was  uncovered  by  weathering,  which  lead  to  prospecting 
and  the  opening  of  the  Sunnyside  mines. 

The  Sunnyside  district  carries  the  only  genuine  coking  coal  found 
in  Utah.  There  are  several  areas  in  which  semi-coking  coal  occurs, 
but  none  that  in  any  way  approaches  the  Sunnyside  product  either  for 
strength,  quality  or  low  ash  content.  Mining  operations  were  begun 
at  Sunnyside  in  1900,  and  the  product  was  shipped  to  the  ovens  at 
Castle  Gate.  As  soon  as  the  Utah  smelters  obtained  coke  made  from 
Sunnyside  coal  the  smelting  results  were  so  much  more  satisfactory 
than  those  obtained  from  the  Castle  Gate  product,  that  the  Utah  Fuel 
Co.,  as  rapidly  as  possible,  has  increased  the  Sunnyside  output  to  such  an 
extent  that  it  now  takes  care  of  the  entire  coke  requirements  of  this 
territory. 

The  Sunnyside  coal  ranges  in  thickness  from  5  to  14  ft. ;  it  is  hard 
and  blocky;  stands  weathering  well,  and  is  the  premier  steam  fuel  coal 
of  Utah.  Very  little  of  it,  however,  has  been  used  for  steaming  purposes, 
due  to  the  fact  that  the  entire  production  of  this  district  is  used  either 
for  coke  making  or  in  byproduct  gas  plants  located  in  Utah,  Idaho, 
Montana,  and  Nevada.  Throughout  the  coking  area  the  coal  shows 
evidence  of  considerable  movement  due  to  local  bending,  which  is  un- 
doubtedly responsible  for  the  fact  that  the  Sunnyside  district  coal  is 
of  coking  quality.  Wherever  the  synclinal  bending  in  the  Sunnyside 
district  ends,  the  coking  quality  of  the  coal  practically  disappears.  In 
order  to  prepare  the  coal  for  coke  ovens,  the  entire  product  is  crushed 
so  that  it  passes  a  3^^-in.  screen.  This  crushing  serves  two  purposes: 
first,  that  of  producing  a  decidedly  more  uniform  coke,  and  second, 
ringwall  and  breeze  losses  are  materially  reduced. 

The  following  table  gives  the  annual  production  of  coke  in  Utah  from 
1890  to  date: 


Yflu 

Tons 

Year 

Tons 

1890 

8,395 

1904 

156,337 

1891 

7,947 

1905 

220,706 

1892 

7,242 

1906 

259,924 

1893 

16,007 

1907 

317,925 

1894 

16,057 

1908 

180,074 

1895 

22,517 

1909 

184,745 

1896 

20,449 

1910 

150,677 

1897 

23,619 

1911 

174,000 

1898 

28,327 

1912 

302,457 

1899 

26,882 

1913 

332,396 

1900 

32,730 

1914 

349,898 

1901 

39,860 

1915 

301,420 

1902 

73,230 

1916 

424,828 

1903 

158,099 

1917 

374,775 
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As  soon  as  the  good  quality  of  Sunnyside  coke  became  generally 
known  it  was  shipped  not  only  to  Utah,  but  north  to  Anaconda  and  East 
Helena,  Montana;  and  to  Nevada,  Idaho,  and  parts  of  California. 

In  1907  the  Castle  Gate  bee-hive  plant  was  abandoned,  having  been 
replaced  by  new  ovens  at  Sunnyside.  At  present  the  Sunnyside  coke- 
oven  plant  is  the  largest  single  bee-hive  operation  in  the  United  States, 
consisting  of  819  ovens  of  12-  and  13-ft.  size.  The  coke  produced  carries 
a  very  low,  uniform  ash  content,  and  is  practically  free  from  sulfur 
and  phosphorus.  Average  analyses  of  this  coal  and  of  the  coke  made  from 
it  are  as  follows: 

Coal  CJoke 

Moisture 1.20  0.81 

Volatile  matter 39. 13  0.83 

Fixed  carbon 63.69  87.36 

Ash 6.98  11.00 


100.00        100.00 


Sulfur  in  the  coke  will  run  from  0.7  to  1  per  cent.,  and  phosphorus 
from  0.03  to  0.05  per  cent.  An  increasing  tonnage  of  this  coke  is  being 
used  in  Salt  Lake  valley  and  also  on  the  West  Coast,  for  steel  making. 


Low-temperature  Distillation  of  Illinois  and  Indiana  Coals 

Discussion  of  the  paper  of  G.  W.  Trabr,  presented  at  the  Milwaukee  meeting, 
October,  1918,  and  printed  in  Btdletin  No.  141,  September,  1918,  pp.  1463  to 
1470. 

S.  W.  Parr,*  Urbana,  111.  (written  discussion f). — Multiplication 
of  argument  is  unnecessary  to  establish  the  desirability  of  coking  coals 
at  low  temperatures,  that  is  to  say,  below  1200°  F.  The  value  of  the  semi- 
coke  thus  produced  would  doubtless  go  far  toward  solving  the  problem  of 
smoke  prevention,  and  suggests  the  possibility  of  the  substitution  of  a 
smokeless  fuel  for  anthracite  and  so-called  smokeless  coals.  Whether 
such  coke  would  have  any  value  as  metallurgical  coke  is  a  question  which 
cannot  be  answered  for  lack  of  any  experimental  data  in  the  use  of  such 
material.  Of  course  interest  is  accentuated,  at  the  present  time,  in  the 
amount  and  character  of  the  tars,  which  promise  greatly  to  exceed  in 
values  the  products  obtainable  from  the  high-temperature  process. 

The  difficulties  encountered  in  adapting  the  principles  of  low-tem- 
perature carbonization  to  industrial  methods  are  well  nigh  insurmount- 
able. Briefly  stated,  there  is  involved  the  heating  of  the  center  of  a 
mass  of  non-conducting  material  by  the  external  application  of  heat. 
It  is  a  well  established  fact  that  the  center  of  the  mass  of  coal  in  a  standard 

*  Professor  of  Applied  Chemistry,  University  of  Illinois, 
t  Received  Sept.  23,  1918. 
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byproduct  oven  does  not  reach  the  stage  of  decomposition  until  after 
approximately  14  hr.  have  elapsed,  the  complete  process  requiring  ap- 
proximately 18  hr.,  and  all  this  at  a  high  temperature,  approaching  the 
limit  of  safety  for  the  refractory  material  used  in  construction.  Dp  to 
the  present  time,  the  common  method  of  overcoming  this  difficulty 
has  been  by  narrowing  the  cross-section  of  the  retort;  in  Mr.  Traer's 
experiments  a  width  of  from  4  to  8  in.  has  been  adopted.  This  raises 
a  serious  question  as  to  the  possibihty  of  economic  operation  under 
industrial  conditions  where  the  putting  through  of  a  large  tonnage  is 
essential. 

However,  the  results  as  indicated  in  this  paper  are  exceedingly 
valuable  in  that  they  constitute  an  additional  verification  of  the  character 
and  value  of  all  the  byproducts  obtained.  I  would  call  attention,  how- 
ever, to  one  seeming  inconsistency  in  his  discussion  relating  to  the 
character  of  the  tars.  In  tlie  descriptive  matter  of  the  paper,  the  con- 
densible  products  are  referred  to  as  light  tars,  for  example,  "  the  light 
tar  produced  by  the  low-temperature  process  is  a  liquid  having  the  con- 
sistency of  heavy  cyUnder  oil,"  and  again  the  yield  of  this  material  is 
referred  to  as  "about  25  gal.  of  light  tar  and  oil  per  ton  of  coal."  The 
question  might  therefore  be  raised  as  to  jvhat  is  meant  by  "  light  tar." 
In  the  curve.  Fig.  1,  the  yield  of  tar  in  gallons  is  directly  proportional 
to  the  specific  gravity,  which  would  seem  to  indicate  that  the  higher  the 
yield  of  tar  the  heavier  these  condensible  products.  In  our  work  the 
reverse  is  true;  in  general,  the  lower  the  temperature  at  which  the  de- 
composition is  eflfected  the  lower  the  specific  gravity  and,  in  a  general 
way,  the  higher  the  yield  of  tar.  It  is  indeed  quite  possible  to  produce 
a  tar,  or  rather  an  oil,  under  these  conditions,  which  has  a  specific  gravity 
slightly  under  1 .  With  an  increase  of  temperature,  on  the  other  hand, 
by  reason  of  a  different  type  of  decomposition,  the  tars  have  a  specific 
gravity  which  may  run  as  high  as  1.2.  It  would  seem,  therefore,  that 
Fig.  1  would  more  accurately  indicate  the  results  if  the  specific-gravity 
figures  were  reversed.  At  least,  if  the  results  were  thus  tabulated  it 
would  be  more  consistent  with  the  values  obtained  in  our  own  experiments. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preMoted  ia  jperson  at  the 
Milwaukee  meeting,  October,  1018,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  En^pmeers,  20  West 
30th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1,  1018.  Any  discussion 
oifered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Pure  Carbon-free  Manganese  and  Manganese  Copper 

BY  ARTHUR  P.  BRAID,*  NEW  YORK,  N.  Y. 
(Milwaukee  Meeting,  October,  1018) 

The  war  has  caused  an  increasing  scarcity  of  phosphorus  and  its  well 
known  alloys  with  copper  and  tin.  At  the  same  time,  the  production 
of  brass  and  bronze,  nickel-silver,  cupro-nickel,  and  other  non-ferrous 
alloys,  has  considerably  increased.  The  manufacturers  of  these  products 
had  therefore  to  secure  other  materials  whjch  would  serve  their  purpose; 
principally  that  of  a  deoxidizer,  which  could  be  obtained  promptly  and 
regularly. 

Fortunately  these  materials,  pure  carbon-free  manganese  metal  and 
manganese-copper  alloy,  were  not  hard  to  find — ^in  fact,  they  were  never 
lost.  Manganese  in  various  forms  has  been  used  in  Europe  for  more 
than  a  century;  in  this  country,  however,  when  manganese  was  first 
used,  and  indeed  for  a  long  time  thereafter,  it  was  consumed  mainly  in 
the  manufacture  of  manganese-bronze.  Many  foundrymen  at  that 
time  used  manganese-copper  with  the  same  freedom  as  phosphor-copper. 
Although  iron  enters  into  the  composition  of  certain  grades  of  bronze,  it 
is  very  detrimental  to  non-ferrous  mixtures  in  general;  consequently 
ferro-manganese  is  not  appUcable,  and  therefore  pure  manganese  metal, 
or  the  alloy  of  manganese  and  copper,  technically  free  from  iron  and 
other  impurities,  is  now  being  generally  used. 

The  following  are  the  principal  elements  having  an  affinity  for  oxygen: 
1,  Sodium.  2,  Potassium.  3,  Calcium.  4,  Strontium.  5,  Barium.  6, 
Magnesium.  7,  Aluminum,  8,  Phosphorus.  9,  SiUcon.  10,  Mangan- 
ese. 11,  Iron.  12,  Zinc.  13,  Lead.  Each  metal  has  its  natural  flux,  or 
deoxidizer,  in  the  form  of  a  metal  or  non-metal  which  will  alloy  with  it, 
and  has  a  strong  affinity  for  oxygen.  For  example,  phosphorus,  as  is 
well  known,  acts  very  beneficially  in  copper  alloys  that  contain  tin. 

Within  the  last  few  years,  and  particularly  since  the  war  began,  the 
great  value  of  manganese  in  nickel  alloys  has  been  demonstrated,  and  one 
by  one  the  manufacturers  of  these  products  have  adopted  its  use.  While 
manganese  has  not  so  strong  an  affinity  for  oxygen  as  magnesium,  alumi- 
num, or  silicon,  it  is  nevertheless  sufficiently  powerful  to  reduce  any 
oxide  of  nickel,  copper,  or  zinc  that  may  be  present  in  the  nickel  alloy 
to  be  purified. 

*Met.  Engr.,  Metal  and  Thermit  Corporation. 
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It  is  this  "medium"  aflBnity  for  oxygen  that  renders  manganese 
valuable  in  casting  nickel  alloys  for  rolling  or  drawing  purposes,  since 
the  oil,  burning  at  the  mouth  of  the  mold,  is  capable  of  reducing  the  thin 
film  of  manganese  oxide  that  forms  upon  the  stream  of  met^  as  it  is 
poured.  Aluminum  or  siUcon  oxides  are  not  reduced  by  burning  oil, 
and,  therefore,  it  frequently  happens  that  castings  are  dirty  when  alumi- 
num or  silicon  is  used;  with  manganese,  clean  castings  result  if  ordinary 
precautions  are  taken  in  pouring. 

It  is  customary  to  add  the  manganese  in  the  form  of  manganese- 
copper  alloy  (30  per  cent.  Mn  and  70  per  cent.  Cu).  The  addition  to 
nickel  silver  is  about  3  or  4  oz.  of  the  alloy  per  100  lb.  of  the  mixture 
(2  gm.  per  kilo),  equivalent  to  about  0.06  to  0.075  per  cent,  manganese. 

In  such  alloys  as  cupro-nickel,  the  amount  of  manganese-copper 
should  be  almost  doubled.  This  quantity  introduces  about  0.12  to  0.15 
per  cent,  manganese,  and  to  certain  grades  of  nickel-copper,  0.25  percent, 
manganese  is  added.  The  manganese-copper  should  be  introduced  into  the 
mixture  after  all  the  other  metals  have  been  melted  and  the  whole  well 
stirred.  The  mixture  should  then  be  left  for  a  few  minutes  so  as  to  give 
the  manganese  time  to  act.  It  will  be  found  that  manganese  gives  ex- 
cellent results  in  nickel  alloys. 

Another  important  feature  in  the  use  of  manganese  is  its  strong  af- 
finity for  sulphur,  exceeding  that  of  all  other  metals;  when  introduced  into 
a  mixture  containing  sulphur,  sulphide  of  manganese  is  formed  at  once, 
and  rises  as  slag  to  the  top  of  the  metal.  As  sulphur  is  frequently  pres- 
ent in  cupro-nickel  alloys,  the  advantage  of  this  property  of  manganese 
is  obvious.  I  believe  that  more  attention  should  be  given  to  sulphur  in 
non-ferrous  mixtures,  particularly  at  the  present  time  when  raw  materials 
and  fuel  are  not  generally  of  so  high  quality  as  before  the  war. 

In  the  casting  of  brass,  it  has  been  shown  that  manganese  acts  best 
when  there  is  a  high  proportion  of  zinc.  On  the  other  hand,  in  a  red 
brass,  phosphorus  is  used  with  excellent  results  because  it  causes  the  tin, 
with  which  it  alloys  more  readily,  to  assume  a  crystalline  structure  and 
produces  a  more  homogeneous  casting.  A  number  of  concerns  are  ex- 
perimenting with  manganese,  to  take  advantage  of  its  hardening  effect, 
and  thus  diminish  the  amount  of  tin  used  in  certain  mixtures. 

The  present  tremendous  increase  in  the  use  of  manganese  has  been 
brought  about  to  a  great  extent  by  the  demand  for  munitions,  etc.,  since, 
in  addition  to  the  various  mixtures  previously  mentioned,  manganese  is 
used  in  nichrome,  monel  metal,  aluminum,  and  stellite,  the  well  known 
high-speed  cutting  tool,  as  well  as  in  other  less  well  known  mixtures.  Prob- 
ably the  most  recent  use  for  manganese  is  in  a  certain  non-ferrous 
mixture  which  is  used  for  the  production  of  the  necessary  charcoal  for 
gas  masks  by  the  carbonization  of  fruit  stones. 
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DISCUSSION  OP  THIS  PAPER  IS  INVITED.  It  thould  preferably  be  preMnted  in  person  at  the 
y«w  York  meeting,  February,  1919.  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disenssion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street^  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


A  Metallographic  Investigation  of  Transverse-fissure  Rails  with 
Special  Reference  to  High-phosphorus  Streaks 

BY   Q.   r.   C0M8TOCK,*  A.  B.,  MET.  B.,  NIAGARA   FALLS,    N.    Y. 
(New  York  Meeting,  February,  1919) 

The  subject  of  transverse  fissures  in  steel  rails  has  been  discussed 
very  thoroughly  in  recent  years  from  various  points  of  view  and  the  final 
opinions  expressed  may  be  roughly  classified  into  two  groups: 

(1)  That  these  fissures  are  the  result  merely  of  fatigue  of  the  steel 
and  are  independent  of  the  quality  of  the  metal. 

(2)  That  the  quaUty  of  the  metal  and  the  mill  practice  must  have 
something  to  do  with  them. 

The  first  point  of  view  was  most  ably  and  logically  presented  by  J.  E. 
Howard,^  and  in  the  discussion  of  this  paper,  as  well  as  in  several  other 
preceding  pubhcations,  Dr.  P.  H.  Dudley,  Consulting  Engineer  of  the 
New  York  Central  Lines,  has  strongly  defended  the  other  opinion.* 
The  steel  makers  of  the  country  have  naturally  ralUed  under  Mr.  How- 
ard's banner,  hoping  to  place  the  entire  blame  for  these  failures  upon  the 
railroads  with  their  high  wheel-loads,  hard  steel,  heavy  traffic,  and  some- 
times inferior  road-bed;  while  the  railroad  men,  on  the  other  hand,  have 
been  busy  accumulating  statistics  and  records  in  the  effort  to  find  an 
actual  reason  in  the  rails  themselves  that  would  account  for  the  seemingly 
haphazard  occurrence  of  transverse  fissures  under  varying  conditions 
and  at  widely  separated  points. 

The  view  that  these  fissures  were  due  merely  to  normal  fatigue  under 
alternating  stresses  seemed  most  reasonable  to  the  writer  until  quite 
recently,  because  from  work  done  in  this  laboratory,  as  well  as  the  work 
of  other  investigators  of  the  problem,  no  structural  differences,  in  the 
vast  majority  of  cases,  were  found  between  metal  at  the  nuclei  of  trans- 
verse fissures  and  metal  at  similar  positions  in  the  same  rails  or  in  other 
rails  that  had  not  developed  fissures.  Within  the  last  year  or  two,  how- 
ever, since  the  method  of  etching  polished  sections  for  the  microscope 
with  a  cupric  chloride  solution  has  been  tried  systematically  on  length- 
wise sections,  passing  through  the  nuclei  of  transverse  fissures,  evidence 

•  Metallographist,  Titanium  Alloy  Manufacturing  Co. 

1  BuOelin  No.  131  (November,  1917)  1871.     Trans.  (1918)  68,  597. 

» BuUelin  No.  136  (April,  1918)  777.     Trans.  (1918)  68,  627. 
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began  to  accumulate  that  there  was  a  certain  structural  peculiarity  of 
the  metal  associated  with  these  fissures,  very  often  showing  its  most 
distinct  development  at  the  nucleus  rather  than  elsewhere  in  the  section 
examined.  So  far  as  the  writer  is  aware,  this  particular  method  of  ex- 
amination has  not  been  used  by  other  workers  who  have  pubUshed  re- 
sults of  metallographic  investigations  of  transverse-fissure  rails,  so  that  it 
may  be  of  interest  to  present  at  this  time  the  data  that  have  been  acquired 
through  its  use. 

The  cupric  chloride  reagent  that  the  writer  has  found  to  give  the 
clearest  and  most  reUable  result  in  etching  polished  steel  sections  for 
the  microscope  is  the  one  recommended  by  Stead.'  A  sUghtly  modified 
form  of  this  reagent  is  described  in  another  paper*  by  the  same  author 
on  the  same  subject.  As  used  by  the  writer,  it  was  made  by  dissolving 
2.5  gm.  of  cupric  chloride  and  10  gm.  of  magnesium  chloride  in  5  c.c. 
of  hydrochloric  acid  and  the  smallest  possible  quantity  of  hot  water,  and 
diluting  with  alcohol  to  250  c.c.  Its  action  on  a  polished  steel  surface 
consists  in  depositing  a  film  of  copper  quickly  on  normal  metal,  while 
metal  higher  in  phosphorus  remains  bright  for  a  longer  time.  Thus  if 
the  action  is  not  continued  too  long,  the  location  of  high-phosphorus 
areas  on  a  polished  section  can  be  shown  very  clearly  as  bright  spots  on 
a  darker  background.  SiUcon,  chromium,  nickel,  copper,  and  other  de- 
ments existing  in  solid  solution  in  the  steel,  have  effects  similar  to  phos- 
phorus under  the  action  of  this  reagent,  but  in  general  it  is  phosphorus 
of  which  the  effect  is  most  important  and  most  commonly  encountered. 
The  pattern  developed  by  this  etching  may  be  made  more  contrasty  by 
dissolving  off  the  deposited  copper  with  ammonia,  as  described  by  Charpy 
and  Bonnerot.^  This  procedure  was  not  followed  by  the  writer  in  any 
of  the  work  done  on  transverse-fissure  rails,  and  the  cupric  chloride  etch- 
ing was  always  continued  to  the  same  point,  as  far  as  could  be  judged, 
so  that  a  true  comparison  in  contrasts  between  different  samples  was  main- 
tained. The  effect  of  the  cupric  chloride  etching  on  the  samples  consid- 
ered in  this  paper  was  checked  by  repolishing  and  etching  again  with 
a  0.5-per  cent,  solution  of  picric  acid  in  water,  as  advised  by  Stead.* 
This  solution  darkens  the  high-phosphorus  areas,  leaving  normal  metal 
brighter;  but  it  was  found  not  so  easy  to  use  as  the  alcoholic  cupric  chlo- 
ride, and  more  apt  to  act  irregularly  and  show  peculiar  curved  markings 
that  were  not  duplicated  after  repolishing  and  etching  again. 

Through  the  courtesy  of  Dr.  P.  H.  Dudley,  of  the  New  York  Central 

'  J.  E.  Stead :  IroQ,  Carbon,  and  Phosphorus.     JnL  Iron  and  Steel  Institute  (No. 
I,  1915)  91,  140. 

*  Iron,  Carbon,  and  Phosphorus.     Presented  at  a  meeting  of  the  Iron  and  St«I 
Institute,  May  2-3,  1918.     Advarice  copy  No.  19. 

*  G.  Charpy  and  S.   Bonnerot :  Note  sur  Th^tdrogen^it^  des  aciers.    Comptes 
Rendus  (Oct.  22,  1917)  166,  53&-540. 
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Linea,  and  &  few  others,  maay  opportunities  have  been  afforded  this 
laboratory  during  the  past  6  years  for  investigating  the  structures  of 
rails  that  had  failed  from  transverse  fissures.  At  first,  when  the  usual 
methods  of  examination  were  used,  such  as  the  making  of  sulphur  prints, 
examining  polished  sections  for  non-metaUic  inclusions,  and  sections 
etched  with  picric  acid  or  alkahne  sodium  picrate  for  the  carbon  dis- 
tribution and  microstructure,  no  structural  differences  were  found,  in 
the  large  majority  of  cases,  between  the  metal  at  the  nuclei  of  fissures 
and  that  at  similar  positions  in  the  rail  section  where  fissures  had  not 
developed.  There  were,  of  course,  a  few  exceptions,  where  the  origin 
of  the  fissure  could  be  definitely  traced  to  segregated  streaks  in  the 
steel,  such  cases  being  generally  among  those  in  which  the  transverse 
fissure  had  developed  from  a  longitudinal  crack.  The  two  sulphur 
prints  shown  in  Fig.  1  and  2  are  illustrations  of  the  exceptional  cases 
where  the  nuclei  of  transverse  fissures  were  located  directly  in  segregated 
streaks  that  caused  dark  spots  on  these  prints. 


Fig.  2. 
e,   of  rails  that  failed 
e  location  of  the  nucleus 


When  the  use  of  cupric  chloride  reagents  was  discovered  and  advo- 
cated by  Stead  and  others  for  the  detection  of  phosphorus  segregation 
in  steels,  and  this  method  began  to  be  applied  to  longitudinal  sections 
cut  through  the  nuclei  of  transverse  fissures  in  rails,  it  was  found  in  many 
cases  that  the  most  distinct  of  the  streaks  shown  in  this  way  passed 
through  the  nucleus.  In  some  of  these  rails  the  streaks  were  about  the 
same  throughout  the  section  examined,  but  in  practically  none  were 
they  absent  or  even  indistinct.  Fig.  3  is  a  photograph,  taken  at  a  magni- 
fication of  about  23-^  diameters,  of  two  pohshed  microscope  specimens 
etched  with  the  aqueous  picric  acid  solution,  which  darkens  the  high- 
phosphorus  streaks.    The  edges  of  these  specimens  show  parts  of  trans- 
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verse  fissurea,  with  the  pohshed  aeotions  cuttiDg  through  the  nuclei, 
and  in  each  case  it  is  plainly  seen  that  the  nucleus  of  the  fissure  is  directly 
in  line  with  the  most  distinct  dark  streak  on  the  polished  surface.  Ilg. 
4,  5,  6,  and  7  are  photomicrographs  of  the  polished  surfaces  of  specimens 
cut,  Uke  those  in  Fig.  3,  through  the  nuclei  of  transverse  fissures  in  rails, 
but  etched  with  cupric  chloride.  Each  of  these  shows  the  edge  of  the 
specimen  at  the  nucleus  of  the  fissure,  and  the  most  distinct  bigh-phoe- 
phorus  streaks  are  shown  in  every  case  passing  directly  into  these  nuclei. 
Fig.  8  and  9  are  similar  photomicrographs  of  other  rails  that  showed  lon- 
gitudinal cracks  running  through  the  streaks  in  line  with  the  transverse 
fissures.  Fig.  9  shows  also  a  transverse  crack  which  was  about  ^g  in. 
from  the  fissure,  and  in  the  same  segregated  streak  as  its  nucleus. 


D  SPECIMENS  FOK  THE  UICR08C0PE  ETCHSD  WITH  AQUEOCS 
>  AND  MACNIFIBD  ABOUT  2H  DIAMETBES,  SHOWING  PABT8  OP  TRANSVBBSI 
N  THEIR  BDOBB  AND  THE  K " 


Havingseenhow  high-phosphorus  streaks  were  found  associat«d  with 
transverse  fissures  in  all  rails  that  failed  in  this  way  and  that  were  ei- 
amined  with  reference  to  such  streaks,  it  would  be  of  interest  to  look 
into  their  causes  and  determine  whether  they  necessarily  exist  in  all 
rails,  or  merely  in  rails  subjected  to  certain  conditions  of  manufacture. 
If  a  definite  cause  for  the  streaks  can  be  estabhshed,  and  if  some  rails 
canbefound  without  them,  it  should  be  easy  to  show  definitely  whether 
or  not  they  really  have  any  connection  with  the  formation  of  transveise 
fissures. 

The  cause  of  the  irregular  effect  of  the  cupric  chloride  and  aqueous 
picric  acid  solutions  on  polished  steel  samples  has  been  demonstrated 
by  Stead,  in  the  papers  already  mentioned,  to  be  due  to  the  irregular 
distribution,  chiefly,  of  phosphorus,  but  partly  of  other  elements  in  solid 
solution  in  the  steel.  By  the  well  known  process  of  selective  freeang 
which  steel  ingots  undergo  after  they  are  poured,  the  purer  metal  forms 
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solid  dendrites  or  "pine-tree"  cryatala  in  the  liquid  metal,  which  then 
contains  more  than  its  share  of  the  carbon,  phosphorus,  etc.  On  cooUng 
further,  the  dendrites  increase  steadily  in  bulk,  while  the  remaining  Uquid 
decreases  and  at  the  same  time  becomes  more  and  more  saturated  with 


Fio.  6.  Fig.  7. 

Fig.   4,   6,  6  and  7. — PHoroMicaooRAPHs     of     toNGiTUDiNAL 

HAIl.8  AT  THE  NCCLBI  OF  THAN8VER9B  FISSUBBa,  ETCHED  WITH  CUPRIC  CHI^KIDE  AND 
UAGNIFIED     16    DIAMETERS,    SBOWING    DISTINCT   STREAKS    AT   THE    NUCLEDS   IN  EVEBY 

impurities.  Thus  the  ingot,  when  first  frozen,  is  far  from  homogeneous, 
and  can  become  so  only  by  diffusion  in  the  solid  state.  This  takes  place 
to  some  extent  in  the  soaking  pits,  especially  in  regard  to  carbon,  which 
becomes  thoroughly  diffused  much  sooner  than  phosphorus,  according 
to  Stead  and  other  authorities.     When  the  ingot  is  rolled  out  into  a  rail, 
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any  irregularities  in  composition  are  of  course  rolled  into  streaks,  and  in- 
stead of  a  dendritic  Btructure,  the  result  is  a  lamination.  Since  the  car- 
bon usually  becomes  thoroughly  diffused  in  the  soaking  pit,  the  lamina- 
tions do  not  appear  in  the  ferrite-pearhte  structure,  but  since  phosphorus 
diffuses  very  slowly  the  laminated  structure  may  often  be  expected  to 
show  in  the  finished  rail  when  treated  in  such  a  way  as  to  reveal  the  dis- 
tribution of  this  element. 

Every  ingot,  when  first  cast,  is  chilled  quickly  on  its  outside  by  the 
cold  mold  with  which  it  is  in  contact,  and  hence  its  outer  skin  is  nearly 
homogeneous,  and  free  from  coarse  dendrites,  segregation,  etc.     For  this 
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'^ 


FiQ.  8  Pio.  9. 

FlO.  8. — A  LONOITDBINAL  CRACK  CONNECTED  WITH  A  TRANSVERSE  nsSDBE  IN 
A   SPECIMEN  ETCaCD  WITH  CUPKIC  CHLOBIDE  AND  MAQNIPIED  16  DIAMETERS. 

FlO.    9. A    LONQITUDINAL    AND    TRANSVERSE    GRACE    IN    A    SEOBEQATBD    HTRBAE 

IN  WHICH  THE  NtrCLEim  OF  A  TRANSVERSE  FISSURE  WAS  LOCATED;  ETCHED  WITH 
CCPRIC  CHLORIDE  AND  MAONIPIED  16  DIAMETEE8, 

reason,  the  outer  surface  of  a  steel  rail  is  always  free  from  high-phos- 
phorus streaks  to  a  greater  or  less  depth.  Transverse  fissures  gener- 
ally have  their  nuclei  a  short  distance  inward  from  the  surface  of  the  rail 
section,  and  it  has  often  been  noted  that  the  nucleus  will  occur  at  the  same 
distance  below  the  top  of  the  head  as  the  topmost  distinct  high-phos- 
phorus streak.  This  streak  would,  of  course,  have  been  subjected  to 
a  greater  bending  moment  in  service  than  any  streak  existing  nearer  the 
center  of  the  rail,  and  hence  might  be  expected  to  crack  first. 

The  cause  of  the  high-phosphorus  streaks  has  been  seen  to  be  selective 
freezing  in  the  ingot,  which  cannot  be  avoided  by  any  means  now  known. 
The  effects  of  this  selective  freezing  may,  however,  be  remedied  or  over- 
come by  diffusion  in  the  solid  state,  which  is  a  very  slow  process  in 
regard  to  phosphorus.  If  longer  heating  of  the  soHd  steel  in  rail  manu- 
facture will  decrease  the  intensity  or  distinctness  of  the  high-phosphorus 
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streaks,  by  allowing  more  thorough  diffusion,  then  rails  rolled  from  re- 
heated blooms  should  show  these  streaks  less  distinctly  than  rails  rolled 
direct  from  ingots.  A  most  interesting  fact  in  this  connection  is  that  out 
of  the  few  hundred  rails  that  have  failed  from  transverse  fissures  on  the 
New  York  Central  Lines,  just  two  of  them  had  been  rolled  from  reheated 
blooms.  If  it  could  be  shown,  therefore,  that  rails  rolled  from  reheated 
blooms  had  the  high-phosphorus  streaks  less  in  evidence  than  direct- 
rolled  raUs,  a  strong  support  would  be  secured  for  the  theory  that  these 
streaks  had  some  influence  on  the  origin  of  the  fissures. 

To  investigate  this  point,  24  samples  of  rails  were  secured  through 
the  kind  cooperation  of  Dr.  Dudley,  of  the  New  York  Central  Lines, 
12  of  which  had  failed  from  transverse  fissures,  while  the  rest  had  given 
good  service  in  track.  All  but  one  of  the  former  had  been  rolled  direct 
from  ingots,  and  all  but  two  of  the  latter  had  been  rolled  from  reheated 
blooms.  Twelve  samples  of  rails  that  had  failed  from  transverse  fissureS; 
and  that  had  been  previously  received  from  Dr.  Dudley,  the  Louisville 
&  Nashville  Railroad,  and  R.  W.  Hunt  &  Co.,  were  also  taken  into  this 
investigation,  making  24  transverse-fissure  rails  and  12  good  service 
rails.  Data  received  from  the  senders  regarding  these  samples  are  shown 
in  Table  1.  Unfortunately  data  as  to  the  amount  and  character  of 
service  endured  by  the  various  samples  are  not  at  hand,  and  the  method 
of  rolUng  of  the  first  six  samples  is  not  positively  known,  although  there 
is  little  doubt  that  all  were  rolled  direct.  These  samples  represent  dif- 
ferent heats  of  steel,  with  the  following  exceptions:  No.  5  belonged  to 
the  same  heat  as  No.  2;  No.  7  and  8  were  both  from  another  heat;  No. 
11  and  12  likewise;  and  also  No.  33  and  35.  Since  the  unit  for  this  work 
seems  properly  taken  as  the  ingot,  with  its  particular  time  of  heating, 
it  did  not  appear  necessary  that  each  sample  should  represent  a  separate 
furnace  charge,  even  though  the  results  were  to  be  finally  averaged  for 
each  class  of  steel.  The  samples  of  failed  rails  represented  heats  that  had 
produced  anywhere  from  1  to  10  transverse-fissure  rails;  No.  21  was 
one  of  the  two  rails  rolled  from  reheated  blooms  that  have  been  found, 
on  the  New  York  Central  Lines,  to  have  failed  in  this  way. 

Table  2  gives  the  results  of  the  metallographic  examination  of  these 
samples.  The  first  thing  done  to  each  was  the  making  of  sulphur  prints 
from  a  cross-section  generally  within  an  inch  or  two  of  the  transverse 
fissure,  provided  it  appeared  on  the  sample  received.  These  p.. .-its 
were  classified  as  good,  fair,  poor,  or  bad,  according  to  the  amount  of 
segregation  shown.  Kg.  1,  mentioned  above,  shows  a  print  from  sample 
9,  classed  as  "poor,"  while  Fig.  2  shows  one  from  sample  14,  classed  as 
*'fair."  Tho^e  classed  as  "good  "  showed  less  segregation  than  the  latter, 
and  those  classed  as  "bad"  showed  more  than  the  former. 

Sections  for  microscopic  examination  were  cut  from  the  heads  of  all  the 
samples,  longitudinally  and  upright,  that  is,  parallel  to  the  plane  of  the 
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web.  The  sections  covered  from  ^^  to  ^  in.  of  the  height  of  each  head, 
and  were  so  located  as  to  cut  through  the  nucleus  of  the  fissure  in  samples 
that  showed  transverse  fissures.  In  those  that  did  not,  the  sections  for 
the  microscope  were  cut  near  the  center  of  the  head.  From  some  of 
the  samples  several  sections  were  examined.  The  grading  with  respect 
to  presence  of  alumina,  slag  inclusions,  and  distribution  of  sulphides, 
was  done  by  the  writer  from  examination  of  the  carefully  poUshed  sections 
before  etching,  the  terms  used  being  descriptive  of  the  quality  of  the  steel 


Table  1. — Description  of  Samples 


Sample 
No.     1 

1 

MUl 

Lb. 
yd. 

RaU 
Letter 

1 
Method  of  Rolling 

Service  in  Track 

1 

A 

80 

•   ... 

Probably  direct  from  ingot. 

Failed,  transverse  fissure. 

2 

A 

90 

;        F 

Probably  direct  from  ingot. 

Failed,  transverse  fissure. 

3 

C 

85 

•         •         • 
I 

Probably  direct  from  ingot. 

Failed,  transverse  fissure. 

4 

A 

80 

1 

•         *         • 

Probably  direct  from  ingot. 

Failed,  transverse  fissure. 

5 

A 

90 

F 

Probably  direct  from  ingot. 

Failed,  transverse  fissure. 

6 

A 

80 

•   •   ■ 

Probably  direct  from  ingot. 

Failed,  tranaverse  fissure. 

7 

B 

100 

A 

Direct  from  ingot. 

Failed,  transverse  fissure. 

8 

B 

100 

A 

Direct  from  ingot. 

Failed,  transverse  fissure. 

9 

C 

105 

A 

Direct  from  ingot. 

Failed,  transverse  fissure. 

10 

C 

105 

D 

Direct  from  ingot. 

Failed,  transverse  fi-ssure. 

11 

C 

105 

1 

!      A 

Direct  from  ingot. 

Failed,  transverse  fissure. 

12 

C 

105 

A 

Direct  from  ingot. 

Failed,  transverse  fissure. 

13 

C 

100 

E 

Direct  from  ingot. 

Failed,  transverse  fissure. 

14  . 

B 

100 

A 

Direct  from  ingot. 

Failed,  transverse  fissure. 

15 

C 

100 

C 

Direct  from  ingot. 

Failed,  transverse  fissure. 

16 

B 

105 

i    c 

Direct  from  ingot. 

Failed,  transverse  fissure. 

17 

B 

80 

c 

Direct  from  ingot. 

Failed,  transverse  fissure. 

18 

C 

100 

E 

Direct  from  ingot. 

Failed,  transverse  fissure. 

19 

B 

80 

E 

Direct  from  ingot. 

Failed,  transverse  fissure. 

20 

C 

100 

B 

Direct  from  ingot. 

Failed,  transverse  fissure. 

21 

C 

105 

i      ^ 

Reheated  bloom. 

Failed,  transverse  fissure. 

22 

B 

100 

'      B 

Direct  from  ingot. 

Failed,  transverse  fissure. 

23 

C 

100 

B 

Direct  from  ingot. 

Failed,  transverse  fissure. 

24 

B 

80 

,    c 

Direct  from  ingot. 

Failed,  transverse  fissure. 

25 

D 

100 

1 

B 

Pteheated  bloom. 

Good  service. 

26 

C 

105 

D 

Reheated  bloom. 

Good  service. 

27 

C 

105 

B 

Reheated  bloom. 

Good  service. 

28 

E 

;  100 

*   »   ■ 

Reheated  bloom. 

Good  service. 

29 

E 

1  100 

1 

■   ■   • 

Reheated  bloom. 

Good  service. 

30 

E 

100 

■    •    • 

Reheated  bloom. 

Good  service. 

31 

B 

100 

C 

[ 

Direct  from  ingot. 

Good  service. 

32 

B 

100 

B 

Direct  from  ingot. 

Good  service. 

33 

D 

100 

•    ■   ■ 

Reheated  bloom. 

Good  service. 

34 

C 

'  105 

1     c 

Reheated  bloom. 

Good  service. 

35 

D 

100 

1    ^ 

Reheated  bloom. 

Good  service. 

36 

D 

100 

!   c 

1 

Reheated  bloom. 

Good  service. 
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Table  2. — Results  of  Examination  of  Samples 


Sample 
No. 


1 
2 
3 

4 

5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


Sulphur 
print 


Quality  in  regard  to 


I 
Presence  |   Presence 
of  alumina  i     of  slag 


Amount  of  free 


Quality  in  regard  to 

streaks  shown  by 

etching  with 


Distribu- 
tion of  sul-' 
phides  by 
microscope 


Ferrite 


Cem«ntite      Cup™ 


Aqueous 
picric  acid 


Good 

Poor 

Good 

Fair 

Little 

None 

Bad 

Poor 

Good 

Bad 

Good 

Fair 

Traces 

None 

Bad 

Bad 

Good 

Poor 

Fair 

Good 

None 

None 

Poor 

Bad 

Fair 

Good 

Bad 

Good 

Little 

One 
streak 

Bad 

Bad 

!  Fair 

Bad 

Good 

Fair 

Little 

None 

Bad 

Poor 

'  Poor 

Bad 

Good 

Poor 

Traces 

Con- 
siderabl  6 

Poor 

Poor 

Fair 

Good 

Good 

Fair 

Traces 

None 

Fair 

Poor 

Fair 

Good 

Good 

Poor 

None 

None 

Poor 

Poor 

Poor 

Good 

Fair 

Poor 

None 

One 
streak 

Bad 

Bad 

Good 

Good 

Good 

Fair 

None 

None 

Poor 

Fair 

Good 

Good 

Good 

Poor 

None 

None 

Bad 

Bad 

Good 

Good 

Poor 

Good 

Traces 

None 

Bad 

Bad 

Good 

Poor 

Good 

Poor 

None 

None 

Bad 

Bad 

Fair 

Good 

Good 

Fair 

Traces 

None 

Bad 

Poor 

Good 

Good 

Poor 

Fair 

None 

None 

Bad 

Bad 

Good 

Good 

Poor 

Fair 

Little 

None 

Bad 

Poor 

Good 

Good 

Good 

Fair 

Traces 

None 

Poor 

Poor 

Good 

Poor 

Good 

Good 

Little 

None 

Bad 

Bad 

Good 

Good 

Good 

Fair 

Little 

None 

Poor 

Fair 

Fair 

Good 

Good 

Good 

None 

One 

Fair 

Fair 

. 

streak 

Good 

Good 

Good 

Fair 

None 

None 

Good 

Good 

Good 

Good 

Good 

Fair 

Traces 

None 

Bad 

Bad 

Good 

Good 

Good 

Poor 

Traces 

None 

Bad 

Bad 

Good 

Poor 

Good 

Poor 

Traces 

None 

Poor 

Poor 

Good 

Good 

Good 

Fair 

Traces 

None 

Good 

Fair 

Good 

Good 

Good 

Fair 

Traces 

None 

Fair 

Fair 

Good 

Good 

Good 

Fair 

Traces 

None 

Good 

Good 

Poor 

Good 

Good 

Fair 

Traces 

None 

Poor 

Fair 

Bad 

Good 

Good 

Poor 

Little 

None 

Bad 

Bad 

Fair 

Good 

Good 

Poor 

Traces 

• 

None 

Fair 

Poor 

Good 

Good 

Poor 

Poor 

Much 

None 

Bad 

Bad 

Good 

Good 

Good 

Poor 

Much 

None 

Bad 

Bad 

Good 

Good 

Poor 

Good 

Tiittle 

None 

Fair 

Good 

Poor 

Poor 

Good 

Good 

Little 

None 

Good 

Good 

Good 

Good 

Good 

Fair 

Traces 

None 

Poor 

Bad 

Fair 

Good 

Good 

Good 

Traces 

None 

Good 

Fair 
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judged  solely  on  the  basis  of  the  particular  kind  of  inclusion  under  eon* 
sideration.  The  data  given  in  the  columns  headed  "Amount  of  free 
ferrite"  and  "Cementite"  were  obtained  by  examination  of  the  sections 
after  etching  with  the  usual  alcoholic  solution  of  picric  acid;  and  in  cases 


FiQ,  10. — Good. 


Fio.  11.— Fair. 


Fia.  12.- 

Fta.  10,  11,    12  ^ 

LUSTHATB  THE  SIQNIPrCANCE  0 


Fio.  13.— Bad. 
-Photomicrooraphs  of  lonqituiiikal  eBcnoNB  or 

RIC    CHI^RIDE    AND   MAGNIPIED    18   DIAUBTEBS,   TO  IL- 


l-PHOBPHOBCS 


THE  qCALlTT  O 


where  cementite  was  present  this  was  checked  by  repoUshing  and  etching 
with  boiling  alkaline  sodium  picrate.  The  term  "one  streak"  in  this 
connection  does  not  mean  that  only  one  particle  of  free  cementite  was 
seen  in  the  section,  but  that  there  was  in  the  sample  one  segregated 
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streak  contaiiiing  an  appreciable  network  of  free  oementite  between  the 
pearlite  grains. 

The  samples  were  next  repolished  and  etched  with  Stead's  cupric 
chloride  reagent,  all  as  nearly  as  possible  to  the  same  degree,  and  were 


Fio.  14. — Good.  Fiq.  15. — F.mb. 


% 


Fio.  la.— Poor.  Fiq.  17.— Bad. 

Fia.  14,  15,  16  AND   17.— Photomicbographs   of  LONGiTtrniNAL  SBCnONS  of 

HAIL  HEAQS  ETCHED  WITH  AflDEODS  PICKIC  ACID  AKD  MAONIFIED  16  DIAMETERS,  TO 
BPECIMENB  WITH  REOARD  TO  HIGH- PHOSPHORUS  STREAKS,  SHOWN  DARKBY  THIS  ETCHINO. 

classified  in  the  same  way  as  the  sulphur  prints,  according  to  the  quality 
of  the  metal  judged  from  the  distinctness  of  the  streaks  shown.  Fig. 
10,  11,  12,  and  13  illustrate  the  terms  used  in  describing  the  quality  after 
this  etching.    Finally  the  samples  were  all  repolished  again  aiid  etched 
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for  15  to  20  sec.  with  the  aqueous  picric  acid  solution  recommended  by 
Stead,  and  graded  as  before.  Fig.  14,  15,  16  and  17  illustrate  the  sig- 
nificance of  the  terms  for  this  grading. 


Table  3. — Classification  of  Samples 


In  regard  to 

Grade 

Tranaverse- 

fissure 

rails, 

per  cent. 

Rails  that 

gave  pood 

service, 

per  cent. 

RoDed  di- 
rect from 

ingot, 
per  cent. 

RoDed 
from  re- 
heated 
bloomt, 
percent 

X 

I 
Good 

67 

58 

Sulphur  print 

Fair 
Poor 

25 

8 

17 
17 

1 

► 

Bad 

•   • 

8 

1 

Good 

67 

92 

■ 

Presence  of  alumina 

Poor 
Bad 

21 
12 

8 

> 

Good 

75 

83 

Presence  of  slag < 

Fair 
1  Poor 

8 
13 

7 

I 

Bad 

4 

Distribution  of  sulphides  by- 
microscope  

Good 
.  Fair 
Poor 
None 

21 
50 
29 
38 

25 
42 
33 

Amount  of  free  ferrite < 

Traces 
Little 

37 
25 

58 
25 

1 

i 

Much 

■   • 

17 

1 

1 

' 

None 

83 

100 

Amount  of  free  cement ite. . . 

One  streak 

13 

Considerable 

4 

r 

Good 

4 

33 

•    • 

46 

Cupric  chloride  etching - 

Fair 
Poor 

8 
29 

25 

17 

11 
26 

27 

18 

I 

Bad 

1 

59 

25 

63 

9 

> 

Good 

4 

25 

•     a 

36 

Aqueous  picric  acid  etching- 

Fair 
Poor 

12 
38  • 

33 
9 

16 
32 

36 
10 

t 

1  Bad 

! 

46 

33 

52 

18 

In  Table  3  these  results  are  all  averaged  for  the  rails  that  failed  from 
transverse  fissures  and  for  those  that  endured  good  service  without  failure, 
in  order  to  get  the  average  classification  of  each  kind  of  rails  with  respect 
to  the  different  characteristics  that  were  examined.  For  instance,  m 
regard  to  sulphur  prints,  out  of  24  transverse-fissure  rails,  16  were  classed 
as  *'good"  in  this  respect,  or  67  per  cent.;  6  were  classed  as  "fair,"  or  25 
per  cent.;  and  the  remainder,  or  8  per  cent.,  as  *'poor."  The  classifica- 
tion of  direct-rolled  rails  was  practically  the  same  as  that  for  the  traps- 
verse-fi*ssure  rails,  and  the  rails  rolled  from  reheated  blooms  were 
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similar  to  the  good-service  rails,  so  that  it  did  not  seem  desirable  to  fill 
out  the  last  two  columns  of  the  table  except  in  regard  to  the  high-phos- 
phorus streaks. 

In  Table  3  it  is  readily  seen  that  the  majority  of  both  the  failed  and 
the  good  rails  were  classed  as  ^^good"  in  regard  to  sulphur  prints,  pres- 
ence of  alumina,  and  presence  of  slag;  and  as  ^^air"  in  regard  to  dis- 
tribution of  sulphides,  with  either  no  ferrite  or  only  traces,  and  with 
practically  no  cementite.  Of  course  there  are  slight  differences  in  these 
respects,  and  the  failed  rails  are  seen  to  average  better  in  regard  to  sul- 
phur prints,  worse  in  regard  to  alumina  and  slag  inclusions,  and  to  have, 
on  the  average,  less  ferrite  and  more  cementite  than  the  good  rails.  The 
showing  in  regard  to  sulphur  prints  should  not  be  taken  to  mean  that 
rails  showing  segregation  in  these  prints  are  more  apt  to  give  good  serv- 
ice, without  failure,  than  rails  of  which  the  sulphur  prints  are  good, 
for  this  investigation  is  concerned  with  only  one  particular  type  of  rail 
failure,  and  there  is  no  question  whatever  about  segregated  rails  being 
especially  susceptible  to  another  type  of  failure  known  as  a  ''split  head." 
These  results  show,  however,  that  segregated  sulphides  are  not  a  cause  of 
transverse  fissures.  In  regard  to  alumina  inclusions,  the  results  might  be 
considered  as  indicating  that  these  have  some  effect  on  the  fissures  were 
it  not  for  the  fact  that  no  case  has  arisen  where  a  streak  of  alumina  par- 
ticles was  found  in  hne  with  and  close  to  the  nucleus  of  a  fissure.  The 
showing  in  regard  to  free  ferrite  and  cementite  is  merely  a  corroboration 
of  the  fact  several  times  stated  by  other  writers  that  transverse  fissures 
occur  most  frequently  in  hard  high-carbon  rails.  The  indication  is 
worth  noting,  however,  that  a  thick  ferrite  network  in  the  microstructure 
seems  to  mean  less  tendency  toward  the  formation  of  fissures,  while 
cementite-bearing  streaks  in  the  head  mean  a  greater  tendency  toward 
their  development. 

The  various  aspects  of  the  structure  so  far  considered  in  Table  3  have 
given,  for  the  two  kinds  of  rails,  classifications  that  were  similar  in  their 
general  indications,  showing  that  none  of  these  peculiarities  could  be  an 
important  cause  of  transverse  fissures.  The  last  two  criteria,  however, 
show  a  decided  difiference  in  the  classification  figures  for  the  two  kinds 
of  rails,  and  indicate  that  there  is  here  at  least  some  relation  between 
these  aspects  of  the  structure  and  the  formation  of  the  fissures.  Thus, 
while  88  per  cent,  of  the  failed  rails  were  classed  as  poor  or  bad  in  regard 
to  the  high-phosphorus  streaks  shown  by  the  cupric  chloride  etching, 
only  42  per  cent,  of  the  good-service  rails  were  so  classed;  and  the  aqueous 
picric  acid  etching  checks  these  figures  in  almost  the  same  way.  Com- 
paring the  direct-rolled  rails  with  the  rails  rolled  from  reheated  blooms, 
the  figures  are  more  strongly  suggestive,  becoming  89  and  88  per  cent., 
respectively,  for  the  sum  of  the  poor  and  bad  classes  of  the  direct-rolled 
rails  after  the  two  methods  of  etching,  and  only  27  and  28  per  cent,  for 
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the  same  classes  of  the  rails  rolled  from  reheated  blooms.  In  obtaining 
these  average  classification  figures  for  direct-rolled  rails,  samples  1  to  6, 
inclusive,  had  to  be  omitted  on  account  of  the  slight  uncertainty  regarding 
their  method  of  rolling.  But  on  the  30  samples  of  which  the  method  of 
roUing  is  known  without  doubt,  the  cupric  chloride  etching  shows  regu- 
larly increasing  percentages  from  the  "good"  to  the  "bad"  classes  for  the 
direct-rolled  rails,  while  the  percentages  regularly  decrease  from  "good" 
to  "bad"  for  the  rails  rolled  from  reheated  blooms.  The  aqueous 
picric  acid  etching  checks  these  figures  fairly  closely.  Here  is,  tten, 
a  clear  indication  that  reheating  the  blooms  in  rail  manufacture  will 
give  a  product  decidedly  more  free  from  high-phosphorus  streaks  than 
the  direct-rolling  process  will  give,  and  it  has  also  been  shown  that  rails 
can  be  made,  and  are  made,  that  are  practically  free  from  these  streaks 
(see  Pig.  10  and  14). 

The  inclusion  of  samples  1  to  6  among  the  direct-rolled  rails,  where  they 
belong  in  all  probability,  would  alter  the  figures  in  the  third  column  of  Table 
3  to  only  a  slight  extent.  The  difference  between  the  classification  in  the 
first  two  columns  of  this  Table  and  that  in  the  last  two  columns  is  due,  as 
shown  in  Table  1,  largely  to  three  samples — No.  21,  31,  and  32.  The 
former,  as  stated  before,  is  one  of  the  two  rails  that  were  rolled  from  re- 
heated blooms  that  have  failed  from  transverse  fissures  on  the  New  York 
Central  Lines,  and  hence  is  an  exceptional  case.  The  other  two,  both  from 
the  same  mill,  were  rolled  direct  from  the  ingots,  and  showed  very  distinct 
high-phosphorus  streaks,  yet  gave  good  service  without  developing  fissures. 
As  seen  iii  Table  2,  these  two  rails  are  the  only  ones  in  the  entire  series  that 
showed  much  ferrite  in  their  microstructures,  and  indeed  they  had  even' 
appearance  of  being  Bessemer  steel,  although  reported  as  open- hearth. 
It  may  be,  therefore,  that  the  presence  of  the  thick  ferrite  network  helped 
these  rails  to  resist  the  development  of  fissures  in  spite  of  their  high- 
phosphorus  streaks,  and  this  may  likewise  be  the  reason  why  Bessemer 
rails,  in  general,  do  not  develop  transverse  fissures  in  spite  of  the  streaks 
which  would  be  expected  from  their  higher  phosphorus  content.  If 
these  two  rails  were  considered  as  exceptional,  on  account  of  being  lower 
in  carbon  than  all  the  other  rails,  and  were  discarded  from  the  averages, 
together  with  the  exceptional  No.  21,  the  classification  figures  in  Table  3 
for  the  rails  that  gave  good  service  would  become  practically  identical 
with  those  for  the  rails  rolled  from  reheated  blooms,  which  offer  a  more 
striking  comparison  with  the  figures  for  the  failed  rails. 

Attention  should  also  be  drawn  to  the  three  samples  28,  29  and  30, 
which  were  the  only  rails  rolled  by  mill  "E,"  and  were  received  from  a 
certain  railroad  where  the  service  may  not  have  been  as  severe  as  that 
which  some  of  the  other  rails  endured.  These  rails  were  the  worst  of 
all  in  regard  to  sulphur  prints,  and  also  made  a  poor  showing  in  regard 
to  high-phosphorus  streaks,  although  reported  as  having  been  rolled 
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from  reheated  blooms.  There  is  thus  a  suspicion  that  the  mill  practice 
was  not  the  best  where  these  rails  were  made,  and  that  their  service 
record  might  not  have  been  so  good  had  they  been  on  the  same  lines  as 
the  other  samples  here  considered.  These  rails  were  included  among 
the  averages  in  the  "good  service"  and  "reheated  bloom-"  columns  of 
Table  3,  but  had  they  been  omitted  on  account  of  being  from  a  different 
mill  and  railroad  from  the  other  samples,  the  showing  in  these  columns 
would  have  been  better. 

Summarizing  the  evidence  connecting  transverse  fissures  with  the 
high-phosphorus  streaks  shown  by  etching  longitudinal  sections  of  the 
rails  with  a  cupric-chloride  reagent,  it  has  been  shown  that  in  many 
instances  the  nucleus  of  the  fissure  is  located  in  the  most  distinct  of  the 
streaks  in  the  rail  head,  or  in  the  uppermost  of  the  distinct  streaks,  and 
that  practically  all  rails  with  this  type  of  failure  that  have  been  examined 
have  been  found  to  contain  these  streaks.  Also,  it  has  been  shown 
that  of  the  rails  examined,  those  rolled  from  reheated  blooms  were  much 
less  apt  to  contain  these  streaks,  due  to  uneven  phosphorus  distribution, 
than  the  direct-rolled  rails  were,  and  many  that  gave  good  service  in 
track,  without  failure,  lacked  the  streaks  entirely.  This  fact  fits  in  very 
well  with  the  discovery  of  Dr.  P.  H.  Dudley,  of  the  New  York  Central 
lines,  that  rails  rolled  from  reheated  blooms  do  not,  with  two  exceptions 
to  date,  develop  transverse  fissures,  and  the  natural  inference  is  that  it 
is  because  they  do  not  contain  the  high-phosphorus  streaks.  This 
gives  a  definite  reason  both  from  practice  and  theory  for  reheating  the 
blooms  in  rail  manufacture. 

It  is  interesting  to  note  also  in  this  connection  that  W.  R.  Shimer* 
concluded  that  rails  rolled  from  reheated  blooms  are  more  ductile  than 
direct-rolled  rails,  regardless  of  their  finishing  temperature.  He  explained 
this  by  referring  to  the  removal  of  rolling  strains  in  the  reheating  furnace, 
an  explanation  which  was  not  considered  valid  by  Prof.  Hoyt  in  dis- 
cussing the  paper.  Probably  a  better  diffusion  of  phosphorus  was  the 
chief  reason  for  the  better  ductiUty  found  by  Mr.  Shimer  in  his  rails 
rolled  from  reheated  blooms,  and  this  aspect  of  the  microstructure  was 
not  mentioned  either  in  his  paper  or  in  the  discussion. 

It  should  be  understood  that  the  high-phosphorus  streaks  need  not 
be  always  present  in  direct-rolled  rails,  because  if  the  ingot  was  kept 
in  the  soaking  pit  long  enough  the  phosphorus  would  diffuse  there  just 
as  well  as  in  the  reheating  furnace  for  blooms,  although  it  would  probably 
take  longer  for  thorough  diflfusion  to  occur  in  an  ingot  than  in  a  bloom. 
Furthermore,  a  rail  rolled  from  a  reheated  bloom  might  readily  show 
distinct  streaks  if  both  the  ingot  and  bloom  had  been  heated  only  as  short 


*  Effect  of  Finishing  Temperature  of  Rails  on  their  Ph3r8ical  Proj)erties  and 
Microstructure.     Trans,  (1915)  61,  828. 
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a  time  as  possible.  Nevertheless,  the  chances  for  a  direct-rolled  rail  to 
show  a  distinctly  streaked  condition  in  regard  to  phosphorus  are  much 
greater  than  in  the  case  of  rails  rolled  from  reheated  blooms,  as  is 
shown  by  this  investigation. 

It  is  not  claimed  that  reheating  the  blooms  is  a  sure  cure  and  the  only 
cure  for  transverse  fissures  in  rails,  because  the  presence  of  a  fissure  in 
sample  21  would  refute  this  claim.  But  the  evidence  here  given  supports 
strongly  the  contention  that  segregation  of  phosphorus  in  abrupt  alternate 
bands  of  almost  microscopic  size,  running  lengthwise  in  the  rail  head, 
are  an  important  cause  of  transverse  fissures,  and  that  by  reheating  the 
blooms  from  which  rails  are  rolled  these  bands  may  be  reduced  in  intensity 
by  diffusion  and  the  tendency  toward  the  formation  of  transverse  fissures 
may  be  appreciably  lessened. 

These  conclusions  do  not  contradict  or  disprove  the  fatigue-failure 
theory  of  transverse  fissures,  although  they  seem  to  support  the  opposite 
view  of  origin  from  a  defect  in  the  steel.  Mr.  Howard's  work  has  been 
valuable  in  showing  how  the  peculiar  appearance  of  these  fissures  is 
caused  and  in  giving  a  reason  for  their  failure  to  start  at  the  upper 
surface  of  the  rail.  But  may  not  these  views  of  his  be  accepted,  without 
denying  the  view  of  the  other  school  that  there  must  be  some  reason  in 
the  steel  for  the  appearance  of  these  failures  in  much  greater  numbers 
in  rails  from  certain  heats,  or  in  rails  from  certain  periods  of  rolling,  than 
in  other  similar  rails  subjected  to  exactly  the  same  service?  The  point 
missed  by  the  supporters  of  the  fatigue-failure  theory  is  that  even  a 
fatigue  failure  must  have  a  starting  point,  and  that  it  is  very  reasonable  to 
suppose  that  all  possible  variations  in  structure  would  not  have  exactly 
the  same  influence  on  the  facility  with  which  such  a  fatigue  failure  would 
start.  It  is  claimed  that  transverse  fissures  can  be  produced  mechanic- 
ally at  will  at  any  point  desired  in  any  rail,  which  is  interesting  as  showing 
that  the  mechanism  of  growth  of  these  failures  is  now  well  understood. 
But  almost  any  type  of  failure  can  also  be  produced  at  will,  mechanically, 
at  any  definite  point,  and  the  important  factor  is  to  know  what  internal 
conditions  in  the  material  tested  make  the  failure  start  more  easUy, 
and  what  conditions  make  it  start  with  more  difficulty  or  only  after  a 
longer  time.  This  paper  is  presented  with  the  idea  of  throwing  a  little 
light  in  a  new  direction  on  the  internal  conditions  that  help  the  beginning 
of  transverse  fissures  in  rails,  and  in  the  hope  that  it  will  be  of  some  use 
in  linking  together  the  two  opposing  views  as  to  the  origin  and  growth  of 
these  peculiar  failures. 
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JEFFREY  PIT -CAR  LOADER 

In  these  days  of  rising  wages  and  diminishing  tabor  supply,  any  mechanical 
devices  that  will  reduce  the  expenditure  of  muscular  effort  and  promote  output 
deserve  recommendation.  The  Jeffrey  pit-car  loader,  described  in  Bulletin  No. 
246,  of  the  Jeffrey  Manufacturing  Co.,  ColumbuB,  0.,  is  of  this  class,  as  it  faciU- 
tatea  what  is  usually  one  of  the  most  arduous  as  well  as  the  least  efficient  opera- 
tions connected  with  mining.  The  appliance  does  not  seem  to  be  restricted  to 
collieries,  but  should  be  equally  useful  in  any  metal  mine  dealing  with  flat  ore- 
bodies,  or  operating  a  sloping  system  having  flat  floors. 


As  applied  to  coal  mining,  the  advantage  of  the  loader  is  not  confined  to  the 
-educing  of  fatigue  and  expediting  the  loading  of  the  individual  cars,  but  its  use 
entails  sundry  other  efficiencies  relating  to  the  operation  as  a  whole.  Thus,  if, 
vith  tbe  loader,  two  men  at  a  face  can  fill  a  car  in  half  the  time  usually  required, 
,tiis  face  can  be  undercut,  broken  down,  and  loaded  out  twice  as  often  in  a  given 
ime,  thereby  maintaining  a  given  desired  daily  output  with  half  as  many  men, 
vorking  in  a  territory  only  half  as  large.     This  means  less  development,  haulage. 
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TRADE  CATALOGS 

(Under  this  heading  will  be  listed  such  catalogs  or  other  adver- 
tising literature  as  may  be  received  during  the  preceding  month. 
Contributors  should  address  their  material  to  Engineering 
Societies'  Library,  29  West  39th  St.,  New  York.) 

BiQELOW  Co.  New  Haven,  Conn.  Catalog  describing  the  Bigelow  Homsby 
Water-tube  Boiler. 

Burt  Manufacturing  Co.  Akron,  Ohio.  General  catalog  on  oil  filters,  ex- 
haust heads,  and  ventilators.  1917.  Blue-print  of  Burt  Unit-type  Filter. 
1914. 

Defender  Automatic  Regulator  Co.    St.  Louis,  Mo.    Catalog  No.  10. 

E.  I.  DU  Pont  de  Nemours  &  Co.    Wilmington,  Del.    Blasters'  Handbook. 

1918.    Reynolds  Electric  Co.    Chicago,  111. 

Bulletin  22.     RECO  color  hoods.    June  15,  1915. 

27.    RECO  Flashers.    July  1,  1915. 

33.    RECO  Flashers.    Dec.  1,  1915. 

-^ 202.    Type  "A"  Alternating-current  motors. 

United  Filters  Corporation.  Brooklyn,  N.  Y.  Sweetland's  patent  metallic 
filter  cloth. 
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MINERAL  RESOURCES 

(See  also  Mining  Geology  and  Mining 

Practice) 

ALUMINIUM  (bauxite)  deposits  and  the  pro- 
duction of  aluminium.  Engng.  (Aug.  16, 
1918)  106,  163-5.  Serial;  (Aug.  23.  1918) 
106,  191-3;  (Aug.  30,  1918)  106,  218-20. 
Conclusion. 

ASPHALT  in  Abruxio.  D.  O.  Gigli,  Aafalto 
dell  Abruxso.  Rcuaegnia  Mineraria  (July, 
1918)  48,  117-20. 

AUSTRALIA,  Ore  deposits  of.  IruiusL  Aiutral. 
(Aug.  1,  1918)  60,  179. 

BRITISH  COLUMBIA  in  1917.  Min.  Jnl. 
(Sept.  7,  1918)  m,  521-2. 

BURMA,  Material  resources.  H.  Adamson, 
Bull.  Imp.  Inst.  Lond.  (Jan.-Mar.,  1918) 
16,  40-79. 

CHINA,  Mineral  enterprise  in.  Min.  Mag. 
(Aug.,  1918)  1»,  59-61.     Review. 

CHROMITE.  J.  C.  Williams,  Colo.  Sch. 
Mines  Mag.  (Sept.,  1918)  8,  157-9.  Min.  dt 
Sci.  Pr.  (Aug.  31,  1918)  117,  281-2.  Abstract 
from  Cir.  issued  by  Colo.  Sch.  Mines. 

COAL  conservation  committee,  report.  Engr. 
[London]  (Aug.  23,  1918)  126,  158. 

COKING  coal  in  Scotland,  occurrence,  discussion 
on  Mr.  li.  W.  Dron's  paper,  Trans.  Min. 
Inst,  of  Scotland  (Apr.  6,  1918)  iO,  111-5. 
From  Trans.  Inst.  Min.  Engrs. 

COLORADO,  Mining  in  1918.  Engng.  A  Min. 
Jnl.  (Aug.  31,  1918)  106,  381. 

COPPP^R  in  the  Americas.  Bull.  Pan  American 
Union  (July,  1918)  47,  28-51. 
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DIAMONDS,  discovery  in  South  Africa.  E.J. 
Dunn.  Indu9t.  Auttral.  (July  18,  1918)  M, 
91  el  stq. 

FERROALLOYS.  Minerals  for.  Iron  Age  (Sept. 
12,  1918)  102,  671. 

GERMANY  and  the  French  ore  deposits.  Set. 
Am.  (Sept.  28,  1918)  116,  246. 

GERMANY  still  covets  French  iron  mines. 
Iron  Tr.  Rev.  (Sept.  12,  1918)  6S,  612-3. 

GOLD,  Crisis  in,  mining.  Min,  A  Oil  Bull.  (Aug., 
1918)  4,  363^. 

GOLD,  Does  the  government  want.  Min.  /"^ 
(Aug.  10,  1918)  122,  470-1. 

GOLD,  future  production  and  necessity  for  proper 
stimulation.  C.  C.  Jonen,  Min.  A  Oil  BulL 
(Aug.,  1918)  4,  367-8,  387. 

GOLD,  Price  of,  and  the  low  grade  mines. 
South  Aft.  Min.  Jnl.  (July  6,  1918)  2T,  219. 

GOLD  producers'  harvest  will  come  when  the  war 
ends.  Min.  A  Sei.  Pr.  (Aug.  31,  I91S)  IIT, 
279-80. 

GOLD  output:  A  suggestion.  F.  N.  Fletcher, 
Min.  A  Sei.  Pr.  (Sept.  14,  1918)  117,  344. 
Letter. 

GOLD  mining,  How  to  aid.  T.  Macflhall.  Mi*. 
A  Sci.  Pr,  (Sept.  14,  1918)  117,  344-5. 
Letter. 

GOLD  and  silver  output,  Future.  M.  T.  Chest- 
nut. Jr.,  Min.  A  Sci.  Pr,  (Sept.  7. 1918)  IIT, 
309-10.     Letter. 

GOLD  Conference  at  Spokane.  C.  De  Kalb, 
Min.  A  Sci.  Pr.  (Sept.  14.  1918)  IIT,  041-2; 
339.  Editorial. 

GOLD  an  essential  or  a  non-essential?  R.  H. 
Tingley.     Am.  Industries  (Sept.,  1918)  If,  19. 

GOLD,  dearer.  A.  Ijesseurre,  L'or  plus  cher. 
Mitaux  All.  Mach.  (July,  1918)  14-6. 
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GOLD  deposits  in  MacMurchy  and  Churchill 
Tps.  Canad.  Min.  Jnl.  (Aug.  15,  1918)  S9, 
276-81. 

GOLD  depoeito  of  the  Rand.  C.  B.  Horwood, 
South  Afr.  Min.  Jnl.  (July  20.  1918)  t7,  261; 
(July  27,  1918)  17,  290-1. 

GOLD,  Funotion  of.  Editorial.  Af in.  dt  Sex.  Pr. 
(Sept.  7,  1918)  117,  307-8. 

GOLD  industry  and  gold  standard.  H.  Jennings, 
South  Afr.  Min.  Jnl.  (July  27,  1918)  17, 
282-3. 

GOLD  problem.  Editorial.  Chetn.  Enong.  d 
Min.  Ret.  (Aug.  6,  1918)  10,  323-4. 

GOLD  production,  Need  of  sustaining.  C.  De 
Kalb,  Mfra.  Rec.   (Sept.  12,  1918)  74,  66-7. 

GOLD  production,  crisis.  Oinie  Civil  (Aug.  31, 
1918)  7S,  174-5. 

GOLD,  situation.  M.  A.  Hall.  Metal  Rec.  (Aug., 
1918)  4.  227-9.     Serial. 

IRON  in  Santo  Domingo.  R.  B.  Brinsmade, 
Min.  A  Sei.  Pr.  (Sept.  14,  1918)  117,  356-8. 

IRON  contents  of  iron  ores.  Editorial.  Chem. 
A  Met.  EnonQ.  (Sept.  1,  1918)  19,  223. 

IRON  of  Lorraine.  Editorial.  Min.  A  Sci.  Pr. 
(Sept.  21.  1918)  117,  371-2. 

IRON-ore,  Notes  on  certain,  resources  of  the 
world.  E.  C.  Harder,  W.  Lindgren,  CM. 
Weld,  A.  C.  Spencer,  H.  F.  Bain,  S.  Paige, 
BuU.  141,  A.  I.  M.  E.  (Sept.,  1918)  1471-96. 

IRON  and  coal  in  France  after  the  war.  Iron  A 
Coal  Tr.  Rev.  (Aug.  9,  1918)  97,  160-1. 

IRON  mines  which  AUiee  may  capture.  Iron 
Age  (Sept.  19,  1918)  102,  699-701. 

IRON  ore.  America  drives  for  Lorraine  ores. 
Editorial.  Iron  Tr.  Ret.  (Sept.  19,  1918) 
63,  644. 

KAOLIN  in  Quebec.  J.  Keele,  Jnl.  Am.  Cer. 
Soc.  (Jan.,  1918^  1,  8-10. 

KATANGA  mineral  resoiirces.  South  Afr.  Min. 
Jnl.  (Aug.  3,  1918)  27,  801. 

KOREA,  Impressions  of  D.  W.  Leeke.  Colo. 
Sch.  Mines  Mag.  (Sept..  1918)  8,  161-2. 

LAS  VEGAS  manganese  mine,  history.  SaU 
LaKe  Min.  Ret.  (July  15,  1918)  SO,  28-30. 

LIGNITE  mines  in  RiboUa.  G.  Castelli, 
Minicre  di  lignite  di  Ribolla.  Raesegna 
Mineraria  (July,  1918)  48,  120-1. 

LORRAINE,  Key  to  peace  in  iron  of.  S.  Paige, 
Iron  Tr.  Rev.  (Sept.  19.  1918)  88,  673-5. 
From  A.  I.  M.  E.  BuU.  141. 

MANGANESE  ore  in  Georgia.  Iron  Age  (Sept. 
26,  1918)  IDS,  787. 

MANGANESE  ore  in  the  Carters ville  District  of 
Georgia.  Mfra.  Rec.  (Sept.  19,  1918)  74, 
76-7. 

MANGANESE  deposits  of  East  Tennessee. 
G.  W.  Stose  and  F.  C.  Shrader,  Resources  of 
Tennessee  (July,  1918)  8,  153-207. 

MANGANESE.  M.  A.  Allen  and  G.  M.  Butler, 
Bull.  91,  Univ.  Aria.  (Aug.,  1918)  1-32. 

MANITOBA,  Mining  in  northern.  J.  A.  Camp- 
bell, Canad.  Min.  Jnl.  (Aug.  15,  1918)  39, 
273-5. 

MATCHEWAN  gold  district,  Ontario.  Min. 
Mag.  (Aug.,  1918)  19,  97-9. 

METALS,  Base  and  rare,  of  the  Union.  T.  G. 
Trevor,  South  Afr.  Min.  Jnl.  (July  20,  1918) 
87,  258-9. 

MOLYBDENITE.  Simpson's  find.  L.  C.  Ball, 
Queensland  Govt.  Alin.  Jnl.  (July  15,  1918) 
19,  304-6. 

MOLYBDENUM  and  ferro-molybdenum.  Jnl. 
Am.  Soc.  Naval  Engrs.  (Aug.,  1918)  SO, 
666-70.     From  Engng. 
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MOLYBDENUM,  tungsten,  and  bismuth, 
Indust.  Austral.  (July  11,  1918)  80,  67-9; 
(July  18.  1918)  80,  104;  (Aug.  1.  1918)  §8, 
174-5;  (Aug.  8.  1918)  80,  210-1;  (Aug.  15; 
1918)  80,  24&-7r  (Aug.  22,  1918)  80,  284. 
Serial. 

NITRATE  deposits  of  southeastern  Oregon. 
I.  A.  Williams.  Min.  A  Sci.  Pr.  (Aug.  31. 
1918)  117,  285-9. 

PERU,  Actual  state  of  the  mineral  industry. 
C.  P.  Jim6nes.  Eetado  actual  de  la  industna 
minera  en  el  Per6.  Inform.  Soc.  log. 
Peru  (Aug.,  1918)  SO,  387-97. 

PLATINUM,  Germany's  finger  in  the.  pie.  C. 
Engelhand.  Chem.  A  Met.  Engng.  (Sept.  1, 
1918)  18,  224.     Letter. 

POTASH  recovery  from  iron  blast  furnaces  and 
cement  Idlns  by  electrical  precipitation.  L. 
Bradley.  Mfra.  Rec.  (Sept.  26.  1918)  84, 
60-2:  Chem.  A  Met.  Engng.  (Sept.  26.  1918) 
19,  457-60.  Paper  before  Nat*l  Chem. 
Exposition,  Sept.  25.  1918. 

POTASH  industry,  literature,  1912-1917.  F. 
W.  Bruckmiller,  Chem.  A  Met.  Engng. 
(Sept.  26.  1918)  19,  447-0. 

POTASH  from  iron  ores  and  fluzea.  J.  J. 
Porter.  Chem.  A  Met.  Engng.  (Sept.  26. 1918) 
18,  462.     Letter. 

POTASH  from  blast  furnaces,  recovery.  Iron 
Age  (Sept.  5.  1918)  lOS,  604. 

QUICKSILVER  in  California.  Chem.  A  Met, 
Engng.  (Sept.  1,  1918)  18,  237-40. 

RADIUM  ore  deposits.  R.  B.  Moore.  Engng.  A 
Min.  Jnl.  (Aug.  31.  1018)  108,  392-3. 
Abs.  from  A.  I.  M.  E.  BuU.  No.  140. 

RENO  gold  conference.  J.  A.  Burgess.  Ari*. 
Min.  Jnl.  (Sept..  1918)  S,  9. 

SULPHUR  controversy.  Engng.  A  Min.  Jnl. 
(Aug.  31,  1918)  108,  421. 

SULPHUR,  king  of  chemicals.  C.  Mc(^iUoch. 
Salt  LaKe  Min.  Rev.  (Aug.  30.  1918)  SO,  37-ft. 

SULPHUR  in  Jemes  Canyon,  New  Meaco- 
P.  S.  Smith.  Engng.  A  Min.  Jnl.  (Sept.  7. 
1918)  108,  449. 

SULPHUR  supply.  Editorial.  Engng.  A  Min. 
Jnl.  (Aug.  31,  1918)  108,  422-3. 

THORIUM  industry.  H.  C.  Meyer.  Minerd 
Foote  Notes  (Sept.-Oct..  1918)  S,  2-9. 

TUNGSTEN  within  the  Empire.  S.  J.  John- 
stone. Chem.  Ind.  (Aug.  15.  1918)87,294-6. 

WAR  minerals  control.  Min.  A  Sei.  Pr.  (Sept. 
14.  1918)  117,  359-60. 

WAR  minerals  bill.  O.  R.  Allen,  Min.  A  Sd. 
Pr.  (Sept.  21.  1918)  117,  373-4.  Letter. 
Engng.  A  Min.  JrU.  (Sept.  7.  1918).  188, 
462. 

WAR  minerals  bill.  Sen.  Henderson  re-writcs. 
Min.  Cong.  Jnl.  (Sept..  1918),  4,  337. 

WAR  minerals  of  Colorado.  A.  H.  HubbcO, 
Engng.  A  Min.  Jnl.  (Aug.  31,  1918)  188, 
382-4. 

WEST  VIRGINIA,  A  neglected  coal  field.  Coal 
Age  (Sept.  26.  1918)  14,  595. 

'    WOLFRA.M   mines  near   Broken   Hill.     Indust. 
Austral.  (July  11.  1918)  80,  71. 


MINING  GEOLOGY  AND  MINING 
PRACTICE 

(See  also  Mineral  Resources) 

ALUMINIUM  (bauxite)  deposits  and  the  pro- 
duction of  aluminium.  Engng.  (Aug.  16, 
1018)  108,  163-5.  Serial;  (Aug.  23.  1918) 
108,  191-3;  (Aug.  30,  1918)  108,  218-20. 
Conclusion. 
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APPARATUS,   Mining.    J.  E.  Waxbom,  U.  8. 

Pat.    1276141.    Off.   Oaz.    (Aug.    20.    1918) 

S6S.  559. 
BAWD  WIN    mines.    Indian    Sngng.    (June   8, 

1918)  6S,  311-3. 
BLACKDAMP,   origin.     J.   I.   Graham,    Trant. 
I.  M.  E.  (Aug.-Sept.,  1918)  55,  264-93. 

BRAZILIAN,  Development  of,  iron  ore  deposits 

Engng.   A  Min.  Jrd.    (Sept.  14.   1918)   106 

485. 
BUCYRU8  shovel  at  the  Corby  mine.     Iron  dfc 

Coal  Tr.  Ret.  (Aug.  9,  1918),  97,  163. 
CAPITAL  charges  considered  along  with  current 

expenses,    discussion    of     Mr.     David     M. 

Mowat's  paper.  Trans.  Min.  Inst,  of  Scotland 

(Apr.    6,    1918)    40,   99-110.     From    Trans. 

Inst.  Min.  Engrs.  (June  8,  1918)  40,  122-5. 

Discussion. 
CEMENTATION    process    applied    to   mining 

(Francois  system).     A.    H.    Krynauw,   Jnl. 

Chem.  Met.  &  Min.  Soc.  8.  A.  (May,  1918) 

18,  256-65;  (June,  1918)  18,  305. 

CLONCURRY  copper  district  of  Queensland. 
W.  H.  Corbould,  Engng.  A  Min.  Jnl.  (Sept. 
7,  1918)  106,  449. 

COAL,  Boring  for,  at  Baralaba.  Dawson  River. 
Queensland  Govt.  Min.  Jnl.  (July  15,  1918) 

19,  314. 

COAL-mining  machine.  I.  Rudai  A  A.  Ssarka, 
U.  S.  Pat.  1274939.  Off.  Gaz.  (Aug.  6, 
1918)  958,  170. 

COAL  production.  Loss  and  waste  in.  Iron  <fc 
SUel  Tr.  Rev.  (Aug.  30,  1918)  97,  227-30. 

COAL,  System  of  mining.  E.  O'Toole,  U.  S. 
Pat.  1276952.  Off.  Gaz.  (Aug.  27,  1918) 
158,  818. 

CONVEYORS.  R.  S.  Lewis.  Min.  &  Sci.  Pr. 
(Sept.  14.  1918)  117,  349. 

DEEP    borings    for    coal.     Coll.    Guard.    (Aug. 

23.  1918)  116,  390. 

DISABILITIES,  gold  mining.  Jnl.  Westn. 
Austr.  Chamber  Mines.  (May  31,  1918) 
17,  105-13. 

DUST  in  mine  air.  Estimation  of  injurious,  by 
the  Kotz6  konimeter.  J.  Innes,  Jnl.  Chem. 
Met.  &  Min.  Soc.  S.  A.  (May,  1918)  18, 
271-3;  (June,  1918)  18,  304. 

DUST  inhalation,  effects.  J.  S.  Haldane, 
Engng.  &  Min.  Jrd.  (Sept.  14,  1918)  106, 
475-7.  Abs.  of  paper  to  be  submitted  to  the 
Chem.  Met.  &  Min.  Soc.  S.  A.  and  Inst. 
Min.  Engrs.  London;  Trans.  I.  M.  E. 
(Aug.-Sept.,  1918)  55,  264-93.  Paper  and 
discussion;  Jnl.  Chem.  Met.  &  Min.  Soc.  S. 
A.  (July,  1918)  19,  1-6;  South  Afr.  Min. 
Jnl.  (Aug.  3,  1918)  27,  302-3. 

EARTH  movements  and  underground  conditions 
in  mines.  Jnl.  Westn.  Austr.  Chamber 
Mines  (May  31,  1918)  17,  119-27. 

ECONOMICAL  layout  and  working  of  (Collieries. 
Brychan.  Set.  dt  Art.  of  Min.  (Sept.  7,  1918) 
89,  34-5. 

ELECTRICAL  methods  are  speeding  up  coal 
mining  operations.  III.  Elect.  Rec.  (Sept.. 
1918)  84,  28-30.     Serial. 

ELECTRICAL  mining  engineering.  C.  Jones, 
Elect.  Rev.  (Aug.  9.  1918)  83,  126-  7.  Elect. 
Rev.  (Aug.  16,  I9lii)  SS,  150-1,  Elect.  Rev. 
(Aug.  23,  1918)88,  190-1.  Serial.  Abstract 
from  Froc.  South  Wales  Inst,  of  Engrs. 
Author's  reply  to  discussion,  Coll.  Guard. 
(Aug.  8,  1918)  116,  287. 

ELECTRIFICATION  of  a  Durham  colliery. 
Engr.  [London],  (Aug.  16,  1918)  186,  136-8. 

ELECTRICITY  in  mining.  L.  Folkes.  Set.  <t 
Art   of  Min.  (Aug.  10,  1918)  89,  6-7;  (Aug. 

24,  1918)  89,  18-20. 
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EVOLUTION  of  ore  deposits  from  igneoiu  mag- 
mas. W.  H.  Goodoluld.  Min.  Mag.  (Aug.. 
1918)  19,  7»-88. 

EXPLOSIONS  mine,  prevention.  J.  Ashworth* 
Qneensland  Govt.  Min.  Jnl.  (Aug.  15,  1918) 
19,  360. 

EXPLOSIVES.  Safety  in  the  use  of.  A.  U  Motte. 
Coal  Age  (Sept.  12.  1918)  14.  490-2.  Paper 
to  be  read  at  the  National  Safety  Council. 

EXPLOSIVES.  Handling  and  storing.  A.  La 
Motte,  Engng.  db  Min.  Jnl.  (Sept.  14.  1918) 
106,  48»-93. 

EXPLOSIVES,  Experiments  made  with  a  view  to 
reducing  the  consumption  of,  and  increasing 
the  fathoms  broken  per  machine  shift  in 
machine  stoping,  some  notes  on.  T.  H. 
Bayldon,  Jnl.  South  Air.  Instn.  Engn. 
(July.  1918)  16,  227-31. 

EXPLOSIVES,  safe,  coal  mining.  Ihi  Pont 
Mag.  (Sept.,  1918)  9,  3-7. 

FIRST  AID  for  the  miner,  elementary.  W.  A. 
Lynott  and  D.  Harrington.  Sei.  St  Art  of 
Min.  (Aug.  24,  1918)  19,  22-3.  From 
Miners'  Cir.  23,  U.  S.  Bureau  of  Mines. 

FRANCOIS  cementation  process.  A.  H.  Kry- 
nadw,  Min.  Mag.  (Aug.,  1918)  10,  68-77. 

GAS,  outbursts,  in  Crowsnost  Field.  J.  Aab- 
worth,  Coal  Age  (Sept.  5,  1918)  14,  443-6. 

GASOLINE  substitutes  for  miners'  safety  lamps. 
Substitutivos  de  la  gasolina'  para  Umparas 
mineras  de  seguridad.  Ret.  Minera  (Aug. 
1,  1918)  69,  377-8. 

GOLD  deposits  of  Wekusko  Lake,  origin.  F.  J. 
Alock,  Bull.  Canad.  Min.  Inst.  (Sept.. 
1918^  801-3. 

GOLD-dredging  and  electric  power.  Min.  4 
Set.  Pr.  (Aug.  31,  1918)  117,  273-4. 

GOLD  mining  in  Western  Australia.  III.  T. 
Butement,  Chem.  Engng.  db  Min.  Ret. 
(Aug.  5,  1918)  10,  32&-33.     Serial. 

HEADFRAMES,  Steel  cantilevers  support. 
Coed  Age  (Sept.  19,  1918)  14,  553.  From 
Engng.  News-Kec. 

HOISTS,  recording  apparatus.  G.  F.  Royer. 
U.  S.  Pat.  1275605.  Off.  Gaz.  (Aug.  13. 
19181  868,  378. 

HOISTING. — Electric  winding  engines  and  mine 
hoists.  H.  H.  Broughton,  Electrician  (July 
12.  1918)  81,  226-7;  (Aug.  16.  1918)  81. 
332-5;  (Aug.  23.  1918)  81,  354-6.     Serial. 

INCLINED  shafts,  New  timber  set.  J.  E.  Hard- 
ing, Engng.  dt  Min.  Jnl.  (Sept.  7,  1918) 
106,  448-9. 

INJURIES.— Who  gets  hurt  and  when?  Coal 
Age  (Sept.  12,  1918)  14,  480-2. 

JEROME,  Aris.,  Petrographic  notes  on  the  ore 
deposits.  M.  Rice,  Bull.  141,  Am.  Inst. 
Mm.    Engrs.  (Sept..  1918),  1497-1502. 

LAMPLIGHTER.  Miner's.  M.  Handler.  U.  8. 
Pat.  1273544.  Off.  Oaz.  (Aug.  6,  1918) 
858,  59. 

LONGWALL  mining,  and  man  power.  J.  A. 
Greaves.  Coal  Age  (Sept.  19,  1918)  14, 
564-5.     Letter. 

MACHINE  mining  at  La  SaUe,  Illinois.  O.  W. 
Harris.  Coal  Age  (Sept.  19,  1918)  14,  536-8. 

MALAY  STATES.—Mining  in  the  F.  M.  S. 
Min.  Jnl.  (Aug.  31,  1918)  188,  510-11. 

MANGANESE  mining  in  the  Magdalena  mining 
district.  New  Mexico.  R.  H.  West,  Engng. 
dt  Jnl.  (Sept.  7,  1918)  106,  435. 

MEANS  for  ventilating  mine-workings  and  th 
like.     8.    Nettleton,    U.    S.    Pat.    127443 
Off.  Gaz.  (Aug.  6,  1918)  868.  27-8. 
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Diamond  Drills 


LONGYEAR  DIAMOND  DRILLS 

RELIABLE-STRONG-ECONOMICAL 


For  Surface  and 

Underground  Prospecting— 

Capacitiea  to  5000  feet 


Designed  to  Meet  All 
Drilling  Conditions 


Driven  by 

Steam,  Air,  Gasoline 

or  Electricity 


We  will  be  phased  10 
furnish  detailed  information 

H  rile  for  BulUiina  on 

Shaft  Sinking  and  Mine  Development 

Diamond  Drilling  under  Contract 
Longyear  Diamond  Drills  and  Supplies 


E.  J.  LONGYEAR  COMPANY 

EXPLORING    ENGINEERS 

710  Security  Bldg.,         MINNEAPOLIS,  MINN. 

[Pleuo  mintion  thia  bullitih  irh«D  writinc  adTarUien.]  (II 
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MERIDIAN,  Magnetic,  and  the  orientation  of 
mine  surveys.  Coll.  Qttard.  (Aug.  9,  1918) 
116.  285-6. 

MINE-car.  M.  S.  Russvold,  U.  S.  Pat.  1276418. 
Off.  Oat,  (Aug.  20,  1918)  IBS,  637. 

MINING  engineer  aa  administrator.  F.  W. 
Hirst,  Min.  A  Set.  Pr.  (Sept.  14,  1918)  117, 
348. 

MINING-machine.  E.  C.  Morgan,  U.  8.  Pat. 
1276249.     Off.  Oaz.  (Aug.  20,  1918)  S6S,  588. 

MINING-maohine.  E.  C.  Morgan,  U.  S.  Pat. 
1276248.     Off.  Qat.  (Aug.  20,  1918)  SO,  688. 

MINING-machine  truck.  C.  J.  E.  Waxbom, 
U.  S.  Pat.  1276142.  Off.  Gax.  (Aug.  20,  1918) 
S68,  560. 

MINING-machine.  C.  E.  Davis,  U.  S,  Pat. 
1274516.    Off.  Oaz.  (Aug.  6,  1918)  S6S,  61. 

MOLYBDENITE  and  iU  origin.  Molibdenite 
e  le  sue  sorgenti.  Rtuaegna  Mincraria  (July, 
1918)  48,  122-7. 

MOROCCO,  new  law  for  prospecting.  Re- 
cherches  des  mines  au  Maroc.  Echo  d  Minet 
(Aug.  18-25,  1918)  409-11. 

NITRATE  industry,  Recent  developments  in 
Chile.  D.  F.  Irwin.  Engng.  dt  Min.  JrU. 
(Sept.  21,  1918)  106,  536.     Letter. 

NORWEGIAN  state  mining  enterprise.  Engng. 
(Aug.  9,  1918)  106,  141. 

ORE  car  designed  at  Hecla  Mine.  C.  T.  Rice, 
Engng.  dk  Min.  Jnl.  (Sept.  21,  1918)  106, 
522-5. 

PERU.  Mining  in  Ancash.  L.  B.  Jaramillo, 
Mineria  en  Ancash.  Bol.  de  Minaa  (June 
30,  1918)  10,  55-64. 

PERU.  Exploitation  of  the  CoIIaracra  mines. 
L.  B.  Jaramillo.  Explotacion  de  las  minas  de 
CoIIaracra.  Bol.  de  Mineu  (June  30,  1918) 
10,  75-82. 

PHILIPPINES,  metal  mining.  Min.  Jnl.  (Aug. 
10,  1918)  ISS,  480. 

PILLAR,  vertical  shaft,  Not«8  on  the  removal  of. 
J.  Chilton,  Jnl.  Chem.  Met.  &  Min.  Soo. 
8.  A.  (June,  1918)  18,  297-8. 

PILLARS,  Method  of  mining,  at  the  Fortuna 
Mine  of  the  Braden  Copper  Co.,  Chile.  C. 
Hollister,  Engng.  A  Min.  Jnl.  (Sept.  14, 
1918)  106,  478-9. 

PLACER  gold  mining  in  the  Fraser  River.  E.  A. 
Haggins,  Min.  A  Engng.  Rtc.  (July  31,  1918) 
SS,  145-7. 

POTASH-bearing  slates  of  Georgia.  T.  P. 
Maynard,  Mfr».  Rtc.  (Sept.  19,  1918)  74, 
73-4. 

POTASH  mines  in  Spain,  proposed  regulation 
Commercial  Fertil.  (Sept.,  1918)  17,  34. 

POTASH  industry  of  Germany.  W.  Savage, 
Chem.  A  Mel.  Engng.,  453-6. 

PYRITE  mininp  at  Kershaw,  South  Carolina. 
J.  H.  Watkins,  Engng.  A  Min.  Jnl.  (Sept. 
21,  1918)  106,  517-21. 

QUICKSILVER,  Position  of.  producers  in  Cali- 
fornia. Engng.  A  Min.  Jnl.  (Sept.  7,  1918) 
106,  439-42. 

RESCUE  apparatus,  Mine.  Iron  A  Coal  Tr.  Ret. 
(Sept.  6,  1918)  »7,  262.  First  Report  of 
Research  Com. 

SAFETY  in  winding  operations.  J.  A.  Vaughan, 
South  Afr.  Min.  JnL{S\x\y  27, 1918)  S7, 296-7; 
(Aug.  3,  1918)  S7,  318.     Serial. 

SAFETY-gate  for  mine  shafts.  W.  H.  Finley, 
U.  S.  Pat.  1276199.  Off.  Gat.  (Aug.  20, 1918) 
S6S,  576. 

SALT  mining  and  dressing.  J.  B.  Calkins,  Engng. 
A  Min.  Jnl.  (Sept.  7,  1918)  106,  431-6. 

SHAFT,  New  7000-ft.,  for  a  Transvaal  mine. 
Engng.  A  Min.  Jnl.  (Sept.  21,  1918)  106,  534. 
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SHAFT,  circular,  of  small  diameter,  repair.  B. 
Chambers,  Trans.  Min.  Inat.  of  Scotland 
(June  8.  1918)  40,  135-41. 

SIERRA  del  Oro,  in  New  Mexico,  geologie  struc- 
ture. C.  R.  Keyea.  Engng.  A  Min.  JnL 
(Sept.  14,  1918)  106,  494-5. 

SIGNAL  system  on  a  mine  slope,  i^actical. 
C.  G.  Brehm,  Coal  Age  (Sept.  12.  1918)  14, 
479. 

SIGNALLING,  Mine.  D.  Boyd,  British  Pat. 
116518.     IU.  Off.  Jnl.  (Aug.  8,  1918)  1642-3. 

SILVER-Iead  lode.  Mount  Prospect.  Cania.  W. 
E.  Cameron,  Queensland  Gowt.  Min.  JnL 
(July  15,  1918)  19,  308-9. 

STORAGE-battery  locomotive.  Determination  of 
proper  sixe.  -  D.  C.  Ash  mead.  Coal  •  Age 
(Sept.  19,  1918)  14,  548-52. 

SYDVARANGER  iron  mines.  Sydvaranger 
Jernmalmfelt.  H.  Marstrander,  Tet.  Tor* 
blad  (July  19,  1918)  66,  381-3. 

TARBOX  mine  in  Montana,  development  and 
equipment.  SaU  Imm  Min.  Ret.  (Aug.  30, 
1918)  SO,  21-3. 

TELLURIDE  District  of  Colorado,  Mining  in 
the.  H.  J.  Wolf.  Engng.  A  Min.  Jnl.  (.\iif. 
81,  1018)  106,  396-9. 

TERRESTRIAL  magnetism  in  relation  to  mine 
surveying.  C.  Chree.  Trana.  I.  M.  E.  (Aug.- 
Sept.,  1918)  68.  223-63. 

TITANIC  iron  ores.  On  the  microstructure  of 
certain.  C.  H.  Warren,  Econ.  Gtol.  (Sept., 
1918)  IS,  419-46. 

TUNNEL  blasting  at  Chuguicamata.  E.  E. 
Barker,  Weetn.  Engng.  (Sept.,  1918)  f, 
366-72. 

VALUATION,  Formulas  for  mine.  D.  B.  Mor- 
kill.  Min.  A  Sci.  Pr.  (Aug.  31,  1918)  UT, 
276-7. 

VENTILATION  of  mines.  T.  Chester,  SaU  LaJu 
Min.  Rev.  (Sept.  16,  1918)  SO,  31-2.    Serial. 

WINDING  operations.  Safety  in.  J.  A.  Vaughan. 
South  Afr.  Min.  Jnl.  (July  20,  1918)  ST. 
269-70.     Serial. 

WIRE  ropes.  Prac.  Engr.  (Aug.  15,  1918)  18, 
76-7. 

WIRE  ropes,  factor  of  safety.  Souih  Afr.  Min. 
Jnl.  (June  16,  1918)  S7,  171-2. 

WOOD  for  mining  purposes.  J.  T.  Reid.  Min. 
A  Sd.  Pr.  (Sept.  14,  1918)  117,  346-7.  Let- 
ter. 

ORE-DRESSING  AND  PREPARATI05 

OF  COAL 

ANTIMONY  ores.  Treatment  of,  Sardiais. 
Trattamento  dei  mineral!  di  antimonio  in 
Sardegna.  Induatria  (July  31.  1918)  IS, 
437-8. 

COLORADO,  Ore  treatment  in.  Engng.  A  Min. 
Jnl.  (Aug.  31,  1918)  106,  387-9. 

CYANIDATION,  Copper  phosphate  in.  G.  D. 
Diehl,  Min.  A  Sei.  Pr.  (Sept.  14,  1918)  IIT, 
347. 

CYANIDATION,  Lead  salU  in.  T.  B.  Stevens. 
Min.  A  Sei.  Pr.  (Sept.  21,  1018)  117,  380. 
Abstract  from  monthly  Jnl.  Chamber  of 
Mines  of  Westn.  Australia. 

CYANIDE  solutions,  Elstimation  of  oxygen  in 
working.  H.  A.  White,  Jnl.  Chem.  Met.  ft 
Min.  Soc.  S.  A.  (June,  1918)  18,  292-6. 

DE-AERATING  cyanide  solutions,  Crowe  sys- 
tem. T.  B.  Crowe,  Engng.  A  Min.  Jnl. 
(Aug.  31, 1918)  106, 413.  From  A.  I.  M.  £ 
BvU.  No.  140. 

DEWATERER  and  classifier.  O.  A.  Sundneii 
and  R.  M.  Baker,  U.  8.  Pat.  1274814.  0/. 
Gat.  (Aug.  6,  1918)  S8S,  134-5. 
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COLONIAL  STEEL  CO. 


RED  STAS  BRAin) 

Hollow  Drill  Steel 


RED  STAR  is  a  tousiii  strong,  good  cutting  drill  steel,  free  from  interior 
defects. 

Tbe  bole  is  tegular  and  uniform  in  size  and  shape  and  of  the  »me  diameter 
tfaroughout. 

STANDARD  STOCK  SIZES 

Round,  I,  iJi  and  i  Ji;  length,  15  to  18  ft. 

Hexagon,  J4,  i,  i}i  and  i^;  length,  15  to  18  ft. 


COLONIAL  STEEL  CO. 

PITTSBURGH,  PA. 

*  Salet  Officer:  Botton,  Man.,    New  York,  N.  Y.,    Chicago,  lU.,  St.  Louis,  Mo., 
Denver,  Col.,     Salt  L«ke  City,  Utah. 
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ELECTRIC  iprecipitation,  Cottrell  prooeaaes, 
with  especial  regard  to  their  appUoation  to 
the  recovery  of  potash  as  a  by-product.  J.  S. 
Gra«ty,  MfrB.  Rec.  (Sept.  19.  1918)  74,  70-2. 

ELECTRICAL  properties  of  minerals,^  utiliia- 
tion,  in  their  mechanical  preparation.  A. 
Bibolini,  Sull'utiliasaione  pratica  di  talune 
propriety  elettriche  dei  minerali  nella  prepar- 
azione  meccanica.  Indiutria  (Aug.  15,  1918) 
SS,  461-4. 

ELECTRO-MAGNETIC  separation.  Elect. 
Times  (July  11,  1918)  94,  34-5. 

FLOTATION,  Differential,  of  lead-zinc  tailing  at 
a  small  plant.  Engng.  dt  Min.  Jnl.  (Sept. 
21,  1918)  106,  528. 

FLOTATION  machine,  Mechanical,  "Little" 
Janney.  W.  C.  Higgins,  Soli  Laxe  Min.  Ret. 
(Aug.  15.  1918)  SO,  23-6. 

FLOTATION.cyanidation  and  filtration,  similari- 
ties in  the  legal  aspects  of  litigation.  R.  C. 
Canby.  Bull.  Canad.  Min.  Inst.  (Sept.,  1918) 
791-801. 

FLOTATION  flow-sheets.  A.  Del  Mar.,  Min.  <fc 
Set.  Pr.  (Sept.  7,  1918)  117,  311-2. 

FLOTATION,  Terry  differential  process.  Chem- 
A  Met.  Engng.  (Sept.  15.  1918)  19,  319-20. 

FLOTATION  at  the  Broken  Hill  Proprietary 
Mine,  Australia.  E.  T.  Henderson,  Min.  dt 
Sci.  Pr.  (Sept.  21,  1918)  117,  375-9. 

FLOTATION    and    other    troubles    in    Mexico. 

B.  R.  Bates,  Min.  dt  Sci.  Pr.  (Aug.  31,  1918) 
117,  277-8. 

FLOTATION,    Differential,    at   Wallace,  Idaho. 

C.  T.  Rice,     Engng.  A  Min.  Jnl.  (Sept.  14, 
1918)  106,  482-3. 

GRINDING  ore  in  ball-mills.  F.  E.  Marcy, 
Engng.  A  Min.  Jnl.  (Sept.  7,  1918)  106, 
451-2.     Letter. 

LEAD  salts.  Supply  of,  for  use  in  cyanide  plants. 
T.  B.  Stevens,  Jnl.  Westn.  Austr.  Chamber 
Mines  (May  31,  1918)  17,  117-8. 

LIXIVIATION  at  Ticapampa.  Oficina  de 
lixiviacion  de  Ticapampa.  Bol.  de  Minos 
(June  30,  1918)  10,  65-74. 

ORE  amalgamator.  J.  I.  Lefors.  Canad.  Pat. 
184579.  Pat.  Off.  Rec.  (May,  1918)  46, 
1609. 

ORE  concentration,  process.  W.  A.  Scott,  U.  S. 
Pat.  1276974.  Off.  Gaz.  (Aug.  27,  1918) 
266,  823. 

ORE  concentration.  F.  Groch,  U.  S.  Pat. 
1276753.     Off.  Gaz.  (Aug.  27,  1918)  263,  766. 

ORE  separator.  G.  Hering,  Canad.  Pat. 
184567.  Pal.  Off.  Rec.  (May,  1918)  46,  1605. 

ORE  reducing  machine.  R.  P.  Park,  New  Zea- 
land Pat.  39583.  Pat.  Off.  Jnl.  (Aug.  8, 
1918)  7,  332. 

PROCESS  for  concentrating  ores.  J.  T.  Herry, 
Jr.,  Canad.  Pat.  184193.  Pat.  Off.  Rec. 
(May,  1918)  46,  1410. 

PROCESS  of  concentrating  ores.  R.  G.  Hall, 
U.  S.  Pat.  1276058.  Off.  Gaz.  (Aug.  20,  1918) 
26S,  537. 

PROCESS  for  treating  ores.  F.  A.  Eustis, 
Proc6d6  pour  le  traitement  des  minerals  de 
fer.  French  Pat.  487147.  Bull.  Off.  Pro- 
priHi  Indual.  (Apr.  4,  1918)  38,  44. 

SCREEN,  mining.  H.  Anhton,  Canad.  Pat. 
184584.     Pat.  Off.  Rec.  (May,  1918)  46,  1611. 

SCREEN  sizing  as  applied  to  modern  mill 
nractice.  Salt  Lake  Min.  Jnl.  (Julv  30, 
1918)20,27-8. 

SCREENING,  Mechanical,  of  wet  pulp.  H.  E. 
Megraw.  Engng.  A  Min.  Jnl.  (Sept.  21, 
1918)  106,  526-7. 

SEPARATION  of  mixed  metallic  sulfids.  L. 
Bradford,  U.  S.  Pat.  1274505.  Off.  Gaz. 
(Aug.  6,  1918)  263,  47. 
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SHIPPING  facilities  at  the  world's  largest 
coal  mine.  R.  W.  Mayer,  Coal  Age  (^pt. 
26,  1918)  14,  586-8. 

SINTERING,  Ore,  apparatus.  J.  Gayley. 
Canad.  Pat.  184554.  Pat.  Off.  Rec.  (May, 
1918)  46,  1600. 

SORTING,  ore,  practice  and  philosophy.  Engng. 
A  Min.  Jnl.  (Aug.  31,  1918)  106,  412. 

&ULPHO-TELLURIDE  ores,  roasting  for  amal- 
gamating and  cyaniding.  A.  L.  BlomSeld 
and  J.  M.  Trott,  Engng.  A  Min.  Jnl.  (Aug. 
31,  1918;  106,  400-4.  From  A.  I.  M.  E. 
BuU.  140. 

TIN  slime,  Taylor  concentrator.  J.  W.  Part- 
ington, Queensland  Oo9t.  Min.  Jnl.  (Aug.  15, 
1918)  10,  352-3. 

TIN-wolfram-lead  ore,  Triple  concentration 
practice.  Engng.  A  Min.  Jnl.  (Sept.  21, 
1918)  106,  530-1.  Abs.  from  Ck«m.  Engng. 
A  Min.  Rex. 

TIPPLE.  Parnassus  Penn.  Valley  Camp  Coal 
Co.'s.  G.  S.  Jaxon,  Coal  Age  (Sept.  26. 
1918)  14,  582-5. 

COAL  AND  COKE 

(See    also    Mineral    Resources,    Mining  Geologr 
and  Mining  Practice,  Ore-dressing  and 
Preparation  of  Coal) 

AFFORESTATION  and  coal  mining.  CeU. 
Guard.  (Aug.  30.  1918)  116,  443-ft. 

AIR,  Flow  of,  through  small  coal  and  other 
broken  material;  report  to  the  Donesstcr 
coal-owners'  committee.  J.  T.  StOTTO*. 
TraTis.  I.  M.  E.  (Aug.-Sept..  1918)  ii. 
313-23. 

ANTHRACITE  mine-cave  situation.  Coal  Agt 
(Sept.  2G,  1918)  14,  598-601. 

BRIQUET  and  method  of  making  the  same. 
C.  H.  Smith.  U.  S.  Pat.  1276429.  Off.Ga*. 
(Aug.  20,  1918)  263,  640. 

BY-PRODUCT  coke  oven  installation  on  Tees- 
side.  Engr.  [London]  (May  10.  1918) 
126,  402. 

CARBONIZATION,  coal.  Iron  A  Coal  Tr.  Rer 
(Aug.  30,  1918)  97,  241.  Report  of  Car- 
bonization Com. 

CARBONIZATION  at  low  temperature.    Csr- 
*'        bonizacion  a  baja  temperatura.    Ret.  Mintn 
(Aug.  8.  1918)  69,  389-^90. 

COAL  economy  in  mine  boiler  firing.  Engng.  ^ 
Min.  Jnl.  (Sept.  21. 1918)  106,  529-30.  Abs. 
from  Cir.  No.  7.  Univ.  of  III.  Engng.  Experi- 
ment Station. 

COAL  mines  control  agreement.  Iron  A  Coel 
Tr.  Ret.  (Aug.  9.  1918)  07,  143-4. 

COAL  production.  Loss  and  waste  in.  Iron  ^ 
Coal  Tr.  Ret.  (Aug.  30,  1918)  97,  227-30. 

COALFIELD  developments  and  extensioni. 
Iron  A  Coal  Tr.  Rev.  (Aug.  23.  1918)  §7, 
204-5. 

COKE  plant,  Algoma  Steel  Corporation.  Contr. 
Rec.  (Sept.  25.  1918)  32,  773. 

COKE  formation.  Formation  du  coke.  Ginie 
Civil  (Sept.  7,  1918)  73,  196. 

COKE  industry,  development  in  Colorado,  Utah. 

and    New    Mexico.    F.   C.   Miller.  Engng.  ^ 

Min.  Jnl.  (Aug.  31,  1918)  106,  385-6.     From 

A.  I.  M.  E.  BuU.  140. 
COKE  oven  practice,  American.     Indian  Engng. 

(July  20,  1918)  64,  38-9. 

CONSERVATION,  coal,  and  steel  making- 
Editorial.  Ironmonger  (Aug.  31,  1918)  IM, 
42-3. 

CONSERVATION,  Coal.  Elect.  Ret.  (Aug.  30, 
1918)  83,  201-2. 

CONSERVATION,  Coal.  Editorial,  CM.  Guard, 
(Aug.  23,  1918)  116,  393. 
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Successors  to  Danville  Foundry  and  Machine  Co. 
30  NORTH  HAZEL  ST^         -         DANVILLE,  ILL. 
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CONSERVATION,  Coal  committee.  CoU.  Quttrd. 
(Aug.  23.  1918)  116,  385-8:  Aug.  30, 
1918)  116,  441-3.  Serial.  Final  report. 
Iron  dt  Coal  Tr.  Rev.  (Aug.  23,  1918}  97, 
199-200.     Abstract. 

CONSERVATION,  Coal.  Editorial.  Engng. 
(Aug.  30,  1918)  106,  232-3. 

CONTROL,  Coal  mines,  agreement.  Guarantee 
payments.  Iron  A  Coal  Tr.  Ret.  (Sept.  6, 
1918)  97,  266-7.     Serial. 

CREEPER  at  Ton  Philip  Colliery,  new  design. 
Iron  A  Cool  Tr.  Rev.  (Aug.  23,  1918)  97,  212. 

DEEP  borings  for  coal.  CoU.  Guard.  (Aug.  23, 
1918)  116,  390. 

DISTILLATION  of  Illinois  and  Indiana  coals, 
low-temperature.  G.  W.  Traer,  Bull.  141, 
Am.  Inst.  Min.  Engrs.  (Sept..  1918)  146^70. 

ELECTRIFICATION  of  a  Durham  coUiery. 
II.  Engr.  pl^ondon]  (Aug.  23,  1918)  1S6, 
152-4.     Serial. 

FRANCE,  Iron  and  coal  in,  after  the  war.  Iron 
A  Coal  Tr.  Rev.  (Aug.  9,  1918)  97,  150-1. 

FUEL  supply  nearing  exhaustion.  Is  our.  R.  H. 
Femald,  Ry.  Rev.  (Aug.  31.  1918)  6S,  303-5. 

GAS  coal,  Storage  and  handling.  H.  H.  Stock, 
Oae  Age  (Sept.  2.  1918)  49,  207-10. 

ISERE-AIN  coal  field.  CoU.  Guard.  (Aug.  9. 
1918)  116,  294. 

MACHINES,  Coal-cutting.  A.  Wilks.  British 
Pat.  116744.  lU.  Off.  Jnl.  (Aug.  14.  1918) 
1723. 

METALLURGICAL  coke.  Manufacture,  with 
special  reference  to  the  recovery  of  by- 
products. Iron  &  Coal  Tr.  Rev.  (Aug.  30, 
1918)  97,  231. 

OUTPUT.  What  is  the  matter  with  the  miner? 
A.  H.  Stow,  Coal  Age  (Sept.  19.  1918)  14, 
539-10. 

PRICES  of  bituminous  coal,  Method  of  fixing, 
adopted  by  the  United  States  Fuel  Ad- 
ministration. C.  Garnsey,  Jr.,  R.  V.  Norris, 
and  J.  H.  Allport,  Bull.  141,  Am.  Inst.  Min. 
Engrs.  (Sept.,  1918)  1411-33. 

PROCESS  of  treating  coal.  C.  H.  Smith,  U.  S. 
Pat.  1276428.  Off.  Gaz.  (Aug.  20,  1918) 
S6S,  640. 

PROCESS  of  treating  coal.  C.  H.  Smith,  U.  S. 
Pat.  1276427.  Off.  Gas.  (Aug.  20,  1918) 
958,640. 

SPONTANEOUS    combustion    of    stored    coal. 
S.  H.  Kats,  Gas  Age  (Sept.  2.  1918)  49,  200. 

STORAGE.  Physical  and  chemical  changes  in 
stored  coal.  Gas  Age  (Sept.  16,  1918)  49, 
246-7. 

STORAGE,  Coal,  public  utility  experience.  Gas 
Age  (Sept.  2,  1918)  42,  193-6. 

STORAGE,  Coal,  in  large  quantities.  H.  J. 
Edsall,  Ind.  Managemenl  (Sept..  191S) 
66,  193-200. 

STORAGE,  bituminous  coal,  with  reference  to  its 
liability     to     spontaneous     combustion     in 
storage,  bunkers  or  cargo.     J.  H.  Anderson, 
Trane.    Inst.    Mar.   Engrs.   (June,  1918)  80,   ; 
81-117. 

STORAGE  of  coal,  hints.  Queensland  Govt.  Min. 
Jnl.  (Aug.  15.  1918)  19,  369. 

TRANSPORT    from    collieries    to  porte.    F.J. 
Warden-Stevens,  Coll.  Guard.  (Aug.  30, 1918)    ' 
116,  439-440.     Serial. 

WEST  Virginia,  A  neglected  coal  field.     Ccal  Age    ! 
(Sept.  26,  1918)  14.  595. 

ZONE  system  of  coal  distribution.  Power  Plant 
Engng.  (May  15,  1918)  99,  402-7. 

PETROLEUM  AND  GAS 

AMERICAN  mineral  oil  v.  British  mineral  oU 
and  Midlothian.  H.  J.  Peddie,  Pelr.  Rev. 
(Aug.  10,  1918)  89,  91-2. 
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ARGENTINE.  Economic  and  geolopc  conU- 
tions  pertaining  to  the  occurrence  of  oil  ia 
the  North  Argentine-Bolivian  field  of  Sooth 
America.  S.  C.  Herold,  BuU.  141.  Am. 
Inst.  Min.  Engrs.  (Sept.,  1918)  1503-22. 

ARGENTINE.  Petroliferous  formation  in  Chsl- 
lac6.  J.  S.  Ames.  Sobre  la  existencia  de  una 
f ormaci6n  petrolitera  en  la  regi6n  de  ChallM6 
del  territono  de  Neuquen.  Ingenieria  (Aug. 
16,  1918)  99,  798-815. 

ASPHALT  deposits  and  oil  conditions  in  South- 
western Arkansas.  H.  D.  Miser  and  A.  H. 
Purdue,  U.  6.  Geol.  Sur.  Dept.  of  Interior, 
BuU.  691-J,  271-92. 

BRAZIL  and  Bolivia,  Oil  resources  of.  F.C.Cltpp. 
P«tr.  World  (Aug..  1918)  19,  333-5.  From 
7*rans.  A.  I.  M.  £.  67. 

CANNEL  coal,  Oil  production  from.  Engr. 
[London]  (Aug.  9,  1918)  196,  120. 

CANNEL  coal.  Oil  from.  Timet  Engnq.  Sup. 
(Aug.,  1918)  175. 

COLORADO.  Petroleum  in.  Engng.  A  Min.  JvL 
(Aug.  31.  1918)  106,  113. 

CONCILIATION  committee  is  formed  [Petro- 
leuml.  OH  A  Ga»  Jnl.  (Aug.  30,  1918)  IT. 
44-5. 

ELECTRICITY  in  the  oilfields.  Petr.  Bn. 
(Aug.  17.  1918)  89,  111-2. 

EXTRACTION  of  oils  from  shales  and  cosL 
Petr.  Rev.  (July  27.  1918)  89,  59. 

FIRES.  Oil.  occurrence  and  prevention.  B.  W. 
Dunn,  Petr.  World  (Aug.,  1918)  16, 346-7. 

FUEL,  Oil,  from  British  sources.  Engng.  (Aug. 
9,  1918)  106,  148. 

FUEL  oil  over  coal,  Advantages.  Iron  Tr.Ret. 
(Sept.  19,  1918)  68,  664-7. 

FUEL  oil  from  home  resources,  report  of  Lord 
Crewe's  committee.  Petr.  World  (Aug., 
1918)  16,  348.  Serial;  Jnl.  Soc.  Chem.  Ind. 
(Aug.  31,  1918)  87,  326;  Iron  A  Coal  Tr.  Rtv. 
(Aug.  9.  1918)  97,  145-6;  Petr.  Rev.  (Aug.  m 
1918)  89,  95. 

GASOLINE  and  fuel  oil,  war  status.  J.  D.  Gill. 
Jnl.  Engrs.  Club.  Phila.  (Sept.,  1918)  86, 
417-25.  Presented  at  annual  meeting  Engrs. 
Club.  PhUa. 

GLEN  MARY  oil  field.  L.  C.  Glenn.  Resoweee 
of  Tennessee  (July.  1918)  8,  211-9. 

HOME  oil.  Full  interim  report  of  t^chnolocists' 
committee  on.  Petr.  World  (Aug.,  19l6i  16, 
342-4. 

JENSON  eduction  oil  shale  process.  J.  B.  Jezt- 
son,  SaU  Lake  Min.  Rev.  (Sept.  15,  1918)  M, 
23-6. 

LATIN  America,  Petroleum  in.  exploitation.  W. 
A.  Reid,  Explotaci6n  del  petr61eo  en  la 
America  latina.  Bol.  de  Minat  (June  30. 
1918)  10,  83-95. 

MEXICAN  oilfield  temperatures.  Significance  of 
certain.  E.  De  Golyer,  P^.  Rev.  (Aug.  17i 
1918)  89,  109-10. 

MEXICAN  situation,  oil.  Assurances  versus  facts 
in  the.     Oil  Tr.  Jnl.  (Sept.,  1918)  9,  19-31. 

MEXICAN  controversy,  oil.  Diplomatic  phaies 
of.     Oil  Tr.  Jnl.  (Sept.,  1918}  9,  18. 

MINERAL  oil   and  cannel  coal.     J.  Scott,  Petr, 

World  (Aug.,  1918)  16,  231-2. 
OIL  fields  and  wells  may  be  taken  over,  threat  of 

Senator  from  Nevada.     OH,  Paint  A  Dntg 

Rep.  (Sept.  23,  1918)  94,  53. 
PETROLEUM,    unmined,    supply   limited.    A 

Sinsheimer,  AtUomot.  Ind.  (Sept.  19,  1918) 

89,  491-3;  Motor  Age  (Sept.  26,  1918)  84. 

8-10. 

PETROLEUM,  and  natural  gas.  Indutt.  Aus- 
tral. (July  11.  1918)  60,  61-4.     Serial. 

PETROLEUM  from  coal.  Petr.  Rev.  (Aug.  10 
1918)  89,  87. 
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VULUNHDIflS 


Throughout  the  Mining  World 

VULCAN  HOISTS  HAVE  WON  A  REPUTA- 
TION   FOR    DEPENDABLE    OPERATION 
CAPACITY — To  haul  your  load  at  the  most  economical  speed. 

OVERLOAD  CAPACITY— Sufficient  to  enable  hauling  at  higher  than 
genera)  speeds,  or  heavier  loads  at  the  usual  speeds. 

HOIST  PROPORTIONS—Such  as  to  withstand  the  severe  service  of 
continued  operation  at  full  toad. 

GEAR  RATIONS — Such  as  to  reduce  the  current  consumption  to 
the  lowest  hgure. 

PARTS — That  wear  long  and  bearings  that  run  cool. 

The  thousands  of  Vulcan  Hoists  that  have  been  successes  on 
the  most  difficult  hoisting  jobs  in  the  world  are  your  guarantee 
of  the  service  you  can  expect. 

You  are  welcome  to  the  services  of  our  engineering  depart- 
ment on  your  hoist  questions,  whether  you  buy  or  not. 

VULCAN  IRON  WORKS 

NEW  YORK        1744  MAIN  STREET  cmcAoo 

WILKES  BARRE,  PA. 


Titinc  uiTotlMn.] 
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PETROLEUM  products  BpeciScatioiia,  step 
toward  standardisation.  Oil,  Paint  dt 
Drug  Rep.  (Sept.  2,  1918)  94,  51. 

PETROLEUM  under  the  microscope.  J.  Scott, 
Petr.  World  (Aug.,  1918^  IB,  335^-7. 

PRICES,  petroleum,  stabilise  and  control.  M. 
L.  Requa,  Min.  <fr  Oil.  Bull.  (Aug.,  1918)  4, 
360-70. 

PRICES.  Crude  stabilisation  plan  approved. 
OiUom  (Sept.,  1918)  8,  688-91. 

PRICES.  Crude  oil  at  well,  start  made  toward 
stabiUsing.  Min.  A  Oil  BuU.  (Aug..  1918} 
4,  383. 

RECOVERY.  Methods  for  increasing  the,  from 
oil  sands.  J.  O.  liCwis,  Petr.  Rev.  (July  27, 
1918)  S9,  61-3;  (Aug.  10,  1918)  S9,  93-4. 
Serial. 

SCOTTISH  shale  oils,  cracking.  Petr.  WorU 
(Aug.,  1918)  16,  337-40. 

TANKS,  Advice  on  oil-storage.  Petr.  Ret.  (July 
27.  1918)  39,  60.     Serial. 

UNITED  Kingdom,  Coal-oil  production  in  the- 
Jnl.  Soc.  Chem.  Ind.  (Aug.  31,  1918^  91,  314- 

WAR  tax  bill.  New,  of  vital  interest  to  producers, 
petroleum.  L.  M.  Fanning,  Oil  Tr.  Jnl. 
(Sept.,  1918)  9,  3-4,  6,  8,  10. 

WATER  troubles,  overcoming  in  the  Mid-Con- 
tinent fields.  D.  Hager.  Oil  Tr.  Jnl.  (Sept., 
1918)  9,  40,  42. 

WELLS,  enormous  increase  in  cost  of  drilling. 
P.  T.  Moore,  Oil  Tr.  Jnl.  (Sept.,  1918)  9, 
32-4. 

METALLURGY  OF  IRON  AND  STEEL 

(See  also  Ore-dressiiiR  and  Preparation 

of  Coal,  Coal  and  Coke,  Metallurgy  of 

Non-ferrous  Metals) 

ADDITION  of  steel  to  cast  iron.  J.  E.  Hurst, 
Enor.  [London]  (Aug.  2,  1918)  126,  93. 

ALLOY  steel,  manufacture  and  uses.  Editorial. 
Iron  dk  SUel  of  Can,  (Sept..  1918)  1,  319. 

ALLOY.  H.  S.  Cooper,  U.  S.  Pat.  1277046.  Off. 
Gat.  (Aug.  27,  1918)  263,  842. 

ANNEALING  of  high-speed  steels.  Process  for. 
F.  Bagliardi,  Nouvcau  proc^d^  de  recuit  des 
aciers  rapides.  French  Pat.  487135.  Bull. 
Off.  PropriiU  Indust.  (Apr.  4,  1918)  38,  44. 

ANNE.\LING-box.  J.  A.  Hellstrom,  U.  S.  Pat. 
1274538.     Off.  Oaz.  (Aug.  6,  1918)  268,  57. 

ANNEAI.ING-box.  J.  A.  Hellstrom,  U.  S.  Pat. 
1274537.     Off.  Gaz.  (Aug.  6,  1918)  268,  57. 

ANNEAIJNG-furnaces.  Gibbon  Bros.  &  M. 
Van  Marble,  British  Pat.  116605.  III.  Off. 
Jnl.  (Aug.  8,  1918)  1674. 

ANNEALING  steel.  F.  Bagliardi,  British  Pat. 
116829.     ///.  Off.  Jnl.  (Aug.  14,  1918)  1754. 

ANNEALING  steel,  Method  and  means  for. 
U.  S.  Pat.  1277244.  Off.  Gat.  (Aug.  27, 
1918)  268,  895. 

ANSALDO  steel  plants  rush  munitions.  M.  De 
Bias,  Blast  Fur.  <t  Steel  Plant  (Sept.,  1918) 
6,  Between  35H-9. 

APPARATUS  for  carrying  on  metallurgical  opera- 
tiona.  U.  S.  Pat.  1277033.  Off.  Gaz.  (Aug. 
27.  1918)  268,  838. 

AUTOMATIC  shell  heat-treating  furnarea.  W. 
J.  Harris,  Jr.,  Iron  Aye  (Sept.  5,  1918)  102, 
565^-8. 

BASIC  electric  furnace  bottoms,  Making.  A.  W. 
Loreni,  Foundry  (Sept.,  1918)  46,  403. 

BLAST-furnace  design  affects  operation.  G.  L. 
CoUord,  Iron  Tr.  Rev.  (hept.  5,  1918)  68, 
659-60. 
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BLAST  furnace  practice  in  the  United  Kingdoa 
Bngr.  [London]  (May  10,  1918)  126,  399-iOl 
Report  of  Com.  of  uon  4b  Steel  Inst. 

BLAST-furoace  smelting.  Information  wanted  oo. 
Editorial.  Chem.  A  ifst.  Sngnu.  (Sept.  IS, 
1918)  19,  272-3. 

BOILER  platea,  A  cause  of  failure  in.  W.  Rosen- 
hain  and  D.  Hanson,  Iron  Age  (Sept.  12, 
1918)  102,  632-6. 

BRIER  Hill  furnace  lighted.  Iron  Tr.  Rtt. 
(Sept.  26,  1918)  68,  727-9. 

BRINELL  hardness  test.  Iron  Age  (Sept.  5. 
1918)  102,  581-2. 

BRINELL  hardness.  New  method  of  obtaining- 
A.  G.  Ayers.  Automol.  Ind.  (Sept.  12.  I918j 
82,  457  et  seq.  Paper  presented  at  Am.  Soc 
Testing  Materials. 

BRIQUETTI NO  iron  ores.  Briquetage  dcs  min- 
erais  de  fer  pulv^rulents,  Oinie  Civil  (Aug.  17, 
1918)  78,  131-4. 

BROKEN  Hill  Proprietary's  Iron  &  Steel  Works. 
Newcastle.  Chem.  Sngng.  A  Min,  Ret. 
(Aug.  5.  1918)  10,  334--t4. 

BY-PRODUCT  recovery  in  iron  and  sted  works. 
Engng.  (Aug.  23,  1918)  100,  20&-7. 

CASE-hardening  materials.  Testing  the  reUtin 
merits  of.  C.  N.  Underwood,  Am.  Maekinid 
(Sept.  26,  1918)  49,  56^71 

CAS&hardening.  8.  S.  Amdursky,  Gat.  Ind. 
(Aug.,  1918)  18,  259-61. 

CAbT-iron  articles.  Art  of  permanently  best- 
expanding.  W.  A.  Knapp,  U.  S.  Pat 
1274896.  Off.  Gas,  (Aug.  6,  1918)  US, 
158. 

C AST-steel  chain  cables,  Manufacture  and  testinc 
of.  Prac.  Engr.  (Aug.  22.  1918)  68,  91-2: 
(Aug.  29,  1918^  68,  103.     Serial. 

CAST  steel  wheels.  Making,  for  U.  S.  Army 
trucks.     Foundry  (Sept.,  1918)  46,  396-401. 

CASTING,  etc.,  metals.  8.  Strettles  &  T.  Lee, 
British  Pat.  116732.  Itt.  Off.  Jnl.  (Aug. 
14,  1918)  1717-8. 

CASTING-metals.  C.  Kohler,  British  Pat. 
116657.  lU.  Off.  Jnl.  (Aug.  8.  1918) 
1691. 

CASTING  metals.  N.  Rappes.  British  Pat- 
116581.     III.  Off.  Jnl.  (Aug.  8,   1918)  1667- 

CASTING  slag,  metal,  etc.  Middlesboro  flat 
Co.  British  Pat.  117144.  III.  Off.  JtL 
(Aug.  28,  1918)  1870. 

CENTRIFUGAL  casting  machine.  D.  S.  De 
Lavaud,  U.  S.  Pat.  1276038.  Off.  (hi. 
(Aug.  20,  1918)  268,  530. 

CHILLING  and  case-hardening.  Prac.  Bngr. 
(Aug.  15,  1918)  68,  77. 

COKE  hardness,  important  factor.  G.  D.  Cocb- 
rane.  Iron  Tr.  Rev.  (Sept.  5,  1918)  68,  562. 

CONTINUOUS  foundry  process.  O.  L.  Doech* 
U.  S.  Pat.  1276040,  Off.  Gaz.  (.\ug.  20- 
1918)  268,  531. 

CORES,  Accuracy  in  setting.  J.  V.  Hunter, 
Am.  Machinist  (Sept.  5,  1918)  49,  439-10. 

CRUCIBLE.  J.  J.  Boericke.  U.  8.  Pat.  1277032. 
Off.  Gaz.  (Aug.  27,  1918)  268,  838. 

CRUCIBLE  furnaces.  H.  T.  Lanoey,  British 
Pat.  116946,  in.  Off.  Jnl.  (Aug.  21.  1918) 
1796. 

CRUCIBLE  furnaces.  J.  Keith  &  G.  Keith. 
British  Pat.  116636.  lU.  Off.  Gaz.  (Aug.  8. 
1918)  1683-4. 

DIE  castings,  design.  M.  Stern,  Am.  MaehiniA 
ri^ept.  26,  1918)  49.  549-51. 

ELECTRIC  furnace  in  the  steel  casting  industry. 
W.  E.  Moore,  Elect.  Jnl.  (Sept.,  19181  !•> 
331-2. 

ELECTRIC  furnace  leads.  Bled.  Ret.  (Sept. 
6,  1918)  88,  230-1. 
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Output  Increased 
with  the 


AT  one  mine  this  Dump  has  increased  dumping  capacity 
and  speed  over  200%.  At  another  180%.  Proof, 
if  you  want  it,  on  request.  This  greater  dumping 
capacity  eliminates  delays  common  to  unloading  cars, 
speeds  all  mine  operations  and  increases  output.  Also, 
the  Dump  saves  labor,  saves  cars  and  makes  other  im- 
portant savings.  More  details  in  Bulletin  180-E.  Please 
write  for  it — and  for  engineering  advice  about  your  dumping. 


WEOPFER  YOU  IMPROVEMENTS  AND  PROTECTION  UNDER 
RAMSAY.    WOOD,    CLAGIIORN     AND     OTHER     PATENTS. 


WOOD  EQUIPMENT  COMPANY 

Genaial  Offlcsi  «nrj  Wockt,  Grand  Croisloj,    ptTTP  A  fin      TT  T 
Cilj  OlBiBi,  McCormiek  Building,  ^-ni^.'A'JV^,    I±iLi. 

Hew  York:  Pittsburgh:  Knoxville:  Denver: 
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ELECTRIC  furnaces.  B.  E.  D.  Eilburn« 
British  Pat.  116853.  lU.  Off.  Jnl.  (Aug.  14, 
1918^  1762. 

ELECTRIC  furnace  steel,  Blowing  air  into.  C. 
M.  Carmichael,  Iron  Tr.  R€9.  (&ept.  20, 
1018)  726. 

ELECTRIC  heating  and  tempering.  Method  of 
and  apparatus  for.  H.  F.  MacDonald,  U. 
B.  Pat.  1274919.  Off.  Gaz.  (Aug.  6,  1918) 
ass.  164-5. 

ELECTRIC  steel  making,  triplex  process. 
Iron  A  Coal  Tr.  Rev.  (Aug.  9,  1918)  VI,  149. 

ELECTRIC  developments,  Future,  in  Italy. 
Iron  &  Coal  Tr.  Rev.  (Aug.  9,  1918)  »7,  151. 

ELECTRIC  metallurgical  furnaces.  Engng. 
(Aug.  2.  1918)  i06,  110-2.     Serial. 

ELECTRIC  steel  development.  D.  F.  Camp- 
bell, Iron  Age  (Sept.  19,  1918)  101,  686. 
From  Iron  A  Coal  Tr.  Rev. 

ELECTRIC   steel   production   for  small   units. 

A.  V.  Farr.  Blast  Pur.  A  Steel  PlarU  (Sept., 

1918)    S,    381-3.     Paper   read   before    Am. 

Drop  Forge  Assoc. 
ELECTRIC  welder.     C.  H.  Thornblade,  Canad- 

Pat.    184903.     Pat.  Off.  Ree.   (June,   1918) 

4S,  1792-3. 

ELECTRIC  welds.  E.  E.  Thum,  Chem.  A  Met. 
Enang.  (Sept.  16,  1918)  19,  301-8. 

ELECJTRIC  welding,  application  to  ship  con- 
struction and  repair.  Elect.  Times  (Aug.  29. 
1918)  S4,  131;  Elect.  Rev.  (Sept.  6,  1918) 
8S,  238-9;  Shipbldg.  A  Shipping  Rec.  (Aug. 
22.  1918)  IS,  186-8. 

ELECTRIC  welding  machine.  J.  M.  Sparkes. 
Canad.  Pat.  184862.  Pat.  Off.  Rec.  (June, 
1918)  46,  1772. 

ELECTRIC  welding  as  applied  to  steel  ship  con- 
struction. Engng.  A  Contr.  (&ept.  25, 
1918)  SO,  308-0. 

ELECTROLYTIC  process  of  producing  iron.  A* 
T.  C.  Estelle,  U.  8.  Pat.  1275161.  Off- 
Gas.  (Aug.  6,  1918)  SSS,  231. 

ENGLAND,  iron  and  steel  industries  in.  Indus- 
tries du  fer  et  de  I'acier  en  Angleterre.  Echo 
d.  Mines  (Aug.,  1918)  389-92. 

FERRO-ALLOYS,  manufacture  in  Colorado. 
R.  M.  Keeney,  Engng.  A  Min.  Jnl.  (Aug.  31, 
1918)  lOS,  405-9.  Min.  Jnl.  (Sept.  7,  1918) 
1S8,  522-6.  Serial.  From  A.  I.  M.  E. 
BuU.  140. 

FERROMANGANESE,  Electric.  Iron  Age 
(Sept.  26,  1918)  IDS,  747. 

FERROMOLYBDENUM,  Making.  Iron  Age 
(Sept.  12.  1918)  IDS,  624-5. 

FERROMOLYBDENUM.  R.  M.  Keeney. 
Canad.  Min.  Jnl.  (Sept.  15,  1918)  S9,  318. 
From  A.  I.  M.  E.  Bull.  140. 

FERROTUNG&TEN,  Making,  in  electric  fur- 
nace. Iron  Age  (Sept.  26,  1918)  101,  786-7. 
From  A.  L  M.  E.  Bull.  140. 

FLUIDITY  of  molten  cast  iron.  M.  Riddell, 
Foundry  Tr.  Jnl.  (July,  1918)  SO,  364-6: 
Foundry  (Sept.,  1918)  46,  408-11.  Read 
before  British  Foundrymen's  Assoc. 

FLUX  for  use  in  brazing  cast-iron  and  other 
metals.  A.  Figgins.  U.  S.  Pat.  1275412. 
Off.  Gas.  (Aug.  13.  1918)  SSS,  326. 

FOUNDRY  system.  O.  L.  Dosch,  U.  8.  Pat. 
1276039.  Off.  Gas.  (Aug.  20,  1918)  SSS, 
530. 

FUEL  economy  in  blast  furnace.  T.  C.  Hutchin- 
son. Iron  Age  (Sept.  19.  1918)  IDS,  689-91. 

FURNACES,  Electric,  for  heat  treatment. 
Iron  A  Coal  Tr.  Rev.  (Aug.  9,  1918)  97,  152. 

FURNACES,  electric,  an  automatic  control. 
Iron  A  Coal  Tr.  Rev.  (Aug.  9,  1918)  97,  154. 

GRAPHITE,  formation  in  the  iron-carbon  series 
of  alloys.  J.  E.  Hurst,  Engng.  (Aug.  30, 
1918)  IDS,  217-8. 
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HARDNESS  of  soft  iron  and  copper  eompsrsd. 
F.  C.  Kelley,  Advance  copy  No.  3.  Am. 
Eleotrochem.  Soc.  46-8. 

HEAT  treating  furnaces.  C.  R.  Inman.  Britkli 
Pat.  117301.  lU.  Off.  Jnl,  (Sept.  4.  1918) 
1936. 

HEAT  treatment  of  track-rails.  C.  P.  Sandben . 
U.  8.  Pat.  1277262.  Off.  Gas.  (Aug.  27, 
1918)  SSS,  900. 

HEAT  treatment  on  the  electrical  properties  of 
steel.  E.  D.  Campbell  and  W.  C.  Down, 
Jnl.  Am.  Soc.  Naval  Engrs.  (Aug.,  1918) 
SO,  580-96.  Paper  before  Iron  A.  Steel  Init 
From  Engng. 

HEAT  treatment  of  large  forgings;  method  and 
apparatus.  H.  H.  Ashdown,  Marine  EnoM- 
(Aug.,  1918}  8,  193-7. 

HEAT  eastings,  apparatus.  R.  W.  Wiedervnz, 
U.  8.  Pat.  1275638.  Off.  Gas.  (Aug.  13. 
1918)  SSS,  388. 

HIGH-speed  steels,  Pyrometry  applied  to  the 
hardening  of.  J.  O.  Arnold,  TVaiu.  Faraday 
Soc.  (June.  1918)  IS.  271-5. 

INDIAN  steel  industry,  aspects.  Iron  Ag» 
(Sept.  5,  19181  IDS,  554-7. 

IRON  age,  Advent  in  South  Africa.  South  Aft. 
Min.  Jnl.  (July  20,  1918).  ST,  260. 

IRON,  carbon  and  phosphorus.  J.  E.  Stesd, 
Iron  A  Steel  of  Can.  (Sept.,  1918)  1,  323-33. 

IRON,  standards  for  protective  finishes.  E.  P. 
Later,  Foundry  (Sept..  1918)  46,  424-6. 

IRON  sponge.  N.  Staal,  Canad.  Pat.  185136. 
Pat.  Off.  Rec.  (June,  1918)  4S.  1904. 

LATIN  American,  metals  and  metal  industriei. 
P.  F.  Martin,  Metal  Ind.  (Aug.  9,  1913) 
IS,  80-7. 

LIQUID  fuel.  W.  M.  Burdon,  Perfectionne- 
ments  auz  fours  m^tallurgiques  chaoff^ 
au  combustible  liquide.  French  Pat.  4869S0 
BuU.  Off.  PropriSU  Indust.  (Mar.  21,  191S) 
SS,  37. 

LIQUID  steel,  determination  of  the  temperature, 
under  industrial  conditions,  C.  Johns.  Tram. 
Faraday  Soc.  (June,  1918)  IS,  280-8;  Tech. 
pa'*er  91,  U.  S.  Bureau  Standards. 

LIQUID  steel,  temperature  determination.  A. 
McCance.  Trans.  Faraday  Soc.  (June.  1918) 
IS,  309-10. 

MANGANESE,  Conserving,  in  steel  production 
A.  N.  Diehl,  Blast  Fur.  A  Steel  Plant  (Sept , 
1918)  6,  306-7.  From  discussion  by  Author 
read  Def ore  Am.  Iron  A  Steel  Inst. 

MANGANESE  steel.  Development  of  naagoetie 
susceptibility  in.  by  prolong^  heat  treat- 
ment, C.  F.  Brush,  Proc.  Am.  Phil.  Soe. 
(Apr..   1918)   67,344-53. 

MANGANESE  steel.  A.  H.  Greaves.  British 
Pat.  117286.  lU.  Off.  Jnl.  (Sept.  4,  1918) 
1929. 

METAL    crystals.     Theory    regarding   the  sd- 

hesion  of  the  crystals  of  metals.     Brau  Wld. 

(Sept..  1918)  14,  259. 
METAL  extraction.    Toronto  Power  Co.   Cansd. 

Pat.    185166.     Pat.   Off.   Rec.    (June,   1918) 

46,  1925. 
MELTING  and  re-heating  furnace.  New.    Ire* 

A  Coal  Tr.  Rev.  (Aug.  30.  1918)  97,  237. 
METALLOGRAPHY    and    heat    treatment  of 

metals  used  in  aeroplane  construction.    F. 

Grotts,  Chem.  A  Met.  Engng.  III.  (Sept.  1. 

1918)    19,    241-7.      Serial.    IV.    (Sept.    15, 

1918)  19,  316-9. 
MOLECULAR  instability  b^  magnetostrictioD. 

D.  Hurmuzescu.  Instability  mol^culair  par 

la  magnetostriction.  Rev.  Gen.  Elec.  (Aug.  17. 

1918)  4,  211-1. 

MOLTEN  cast  iron.  Laws  concerning  the  fluidity. 
M.  Ridell,  Canad.  Machy.  (Sept.  19,  19 IS) 
SO,  345-7. 
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Under  the  Lowest  Roof  the 

Goodman  Articulated  Storage 
Battery  Locomotive 

operates  safely  and  successfxilly.  It  is  par- 
ticularly adapted  to  mines  working  thin 
seams.  For  the  battery  is  carried  low,  be- 
tween the  motors  on  the  two  bogy  trucks, 
with  only  the  small  idle  wheels  beneath  it. 
Consequently  the  deck  of  the  locomotive 
is  tower  than  is  possible  when  battery  must 
be  placed  above  the  large  drive  wheels  of 
the  ordinary  mine  locomotive.  That  is  but 
one  of  the  many  details  of  construction 


GOODMAN  MFG.  CO.,  Chicago,  Ilk 


Birminsham  Ciaciaoati  Denver 

CbarlestoD,  W.  Va.        St.  Louis  Seante 
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MOLYBDENUM,  Production,  properties  *nd 
uaes.  W.  Poole,  Queengland  Govt.  Min.  JrU. 
(Aug.  15,  1918)  19,  361-4.  From  Austral. 
Chem.  A  Met.  (June,  1918). 

MOLYBDENUM  and  ferro-molybdenum.  Jnl. 
Am.  Soc.  Naval  Engrs.  (Aug.,  1918)  SO, 
666-70.     From  Engng. 

NATIONAL  Physical  Laboratory  in  1917-18- 
Engng.  (Aug.  2.  1918)  106,  120-3. 

NICKEL  and  cobalt  determination  in  steel. 
W.  R.  Schoeller  and  A.  R.  Powell,  Blast 
Fur.  A  Steel  Plant  (Sept.,  1918)  6,  369-60. 
Paper  read  before  British  Iron  &  Steel  Inst. 

NORWAY,  Iron  works  in  recent  years.  G. 
Odqvist,  Senare  arena  j&rnverksplaner  i 
Norge.  Jern-Kont  Ann.  (July  15,  1918) 
19,  297-323. 

OPTICAL  pyrometry  in  steel  works  practice. 
J.  N.  Greenwood,  Trans.  Faraday  Soc. 
(June,  1918)  18,  295-308. 

OX Y ACETYLENE  welded  joints  in  steel  plates, 
tests.  H.  F.  Moore,  Jnl.  Am.  Soc.  Naval 
Engrs.  (Aug.,  1918)  SO,  645-56.  From 
Bull.  98,  Engng.  Experiment  Station,  Univ. 
of  111. 

PICKLING,  Effect  on  physical  properties.  J.  H« 
Snyder,  Metal  Rec.  (Aug.,  1918)  4,  244-6. 

PICKLING  ship  steel.  SUamship  (Aug.,  1918) 
80,  37.     From  Jnl.  Commerce. 

POTASH  from  blast  furnace  recovery.  Iron 
Age  (Sept.  5,  1913^  109,  604. 

POTASH  from  iron  ores  and  fluxes.  J.  J.  Porter, 
Chem.  A  Met.  Engng.  (Sept.  26,  19 18^  19, 
462.     Letter. 

POTASH  industry,  literature,  1912  -1917.  F.  W. 
Bruckmiller,  Chem.  A  Met.  Engng.  (Sept.  26, 
1918;  19,  447-9. 

POTASH  as  a  by-product.     J.  S.  Grasty,  Chem. 

A  Met.  Engng.  (Sept.  26,  1918)  19,  431-8. 
PROPELLER     castings,     how     made.     R.     H.  • 

Palmer,  Iron  Tr.  Rev.   (Sept.  26,   1918)  68, 

711-3. 
PYROMETRY  from  the  standpoint  of  ferrous 

metallurgy,  notes.     W.  H.  Hatfield,  Trans. 

Faraday  Soc.  (June,  1918)  18,  289-94. 
QUEENSLAND,  Proposed  iron  and  steel  works. 

E.  C.  Saint-Smith,  Queensland  Govt.  Min.  Jnl. 

(Aug.  15,  1918^  19,  354-8.     Report  by  Govt. 

Geologist. 

RAIL  fissures,  Structural  causes.  Iron  Tr.  Rev. 
(Sept.  19,  1918)  98,  662-3. 

REFRACTORY  materials.  Relative  volatilities 
of.  Wm.  R.  Mott,  Advance  copy  No.  I,  Am. 
Electrochem.  Soc,  1-34. 

SCRAP  orders.  New,  iron  and  steel.  Iron- 
monger (Sept.  7,  1918)  194,  45. 

SCRAP  disposal  order,  Iron  and  steel.  Page's 
Engng.  Weetcly  (Aug.  30,  1918)  83,  102-3. 

SEMISTEEL,  Tracing  the  development  and  use 
of.     Canrul.  Mochy.  (Sept.  12,  1918)  90,  319. 

SHEET  metal.  J.  B.  McKibbin,  British  Pat. 
116928.     ///.  Off.  Jnl.  fAug.  21,  1918)  1789. 

SHELLS  and  shrapnel,  High  explosive.  J.  M. 
Hall,  Iron  A  SUel  of  Can.  (Sept.,  1918)  1, 
333-8. 

SHERARDISATION,  Compagnie  Francaise 
Thomson-Houston.  Perfectionnement  au 
proc^d6  pour  le  recouvrement  des  m6taux 
par  du  zinc  connu  sous  le  nom  de  sh<^r- 
ardisation,  French  Pat.  487051.  Bull.  Off. 
ProftriHi  Ind.  (Mar.  28,  1918)  88,  40. 

SHERARDIZING  process.  Canad.  Gen.  Elect. 
Co.  Canad.  Pat.  184741.  Pat.  Off.  Rec. 
(June,  1918)  49,  1716. 

SILIC.\  brick,  manufacture.  H.  Le  Chatelier 
and  B.  Bogitch,  Bull.  141,  Am,  Inst.  Min. 
Engrs.  (Sept.,  1918)  1435-62. 

SLAG,  Removing,  from  furnaces.  C.  H.  F.  Bagley, 
British  Pat.  116633.  III.  Off.  Jnl  (Aug.  8, 
1918)  1693. 
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SLAG  control  in  the  iron  blast  furnace  by  means 
of  slag  viscosity  tables.  A.  L.  Feild.  Ckewi, 
A  Met.  Engng.  (Sept.  15,  1918)  19,  294-300. 

STEEL  for  Allied  aircraft.  Iron  Tr.  Rev.  (Sept 
19,  1918)  68,  663-4. 

STEEL  castings,  deformation.  T.  Brown, 
Foundry  (Sept.,  1918)  49,  411-3. 

STEEL  castings,  converter.  Iron  A  Coal  Tr. 
Rev.  (Aug.  9,  1918)  97,  144. 

STEEL  castings,  manufacture.  Foundry  Tr. 
Jnl.  (July,  1918)  10,  372-4. 

STEEL,  Magnetic  permeability  of.  F.  P.  Fahy, 
Chem.  A  Mel.  Engng.  (Sept.  1,  1918)  U, 
247-50. 

STEEL  mixture,  iron — Use  of  scrap  steel  in  pit 
iron  mixture.  Contr.  Rec.  (Sept.  11,  19IS) 
82,  731-2. 

SQUIRTING  and  drawing  meUIs.  BritUh 
Insulated  and  Helsby  Cables  Ltd.  Britiab 
Pat.  116983.  lU.  Off.  Jnl.  (Aug.  21.  1918) 
1810. 

SULPHUR  determination  in  iron  and  steeL 
H.  Pinsl.  Schwefelbestimmung  in  rohosen 
und  stahl.  Chem.  Ztg.  (June  5,  1918)  4^ 
279-81. 

TANTIRON.     Engng.  (Aug.  9, 1918)  109, 154-8. 

TAPPING  blast  furnacee.  Machine  for.  B.  J. 
Mullen,  U.  S.  Pat.  1276252.  Off.  Gv. 
(Aug.  20,  1918)  958,  690. 

TAPPING  blast  furnaces,  Machine  for.  B.  J. 
Mullen.  U.  S.  Pat.  1276251.  Off.  G«. 
(Aug.  20.  1918)  898,  689. 

TEMPERING  steel,  Time  effect.  A.  E.  Bellis. 
Page's  Engng.  Weekly  (Aug.  30,  1918)  8S, 
103.     From  A.  I.  M.  E.  BuU.  134. 

TENSILE  strength  and  hardness  of  steel.  H. 
M.  Bray  ton,  Iron  Age  (Sept.  12.  1918) 
108,  627-9. 

TUBES  and  tubular  structures.  W.  W.  Hacket* 
and  A.  G.  Hackett,  Aviation  (Sept.  15,  I9I8) 
5,  230-4.  Abs.  from  paper  before  Aero- 
nautical Soc.  of  Great  Britain. 

TUNGSTEN,  MeUllography  of.  Z.  Jeffria, 
Engrig.  (Aug.  30,  1918)  109,  239-12. 
From  A.  I.  M.  E.  Bull.  138. 

TUNGSTEN  steels.  Structure,  change  under  best 
treatment.  K.  Honda  it  T.  Murakami. 
Sci.  Rep.  Tohoku  Imp.  Univ.  (Apr.,  1918) 
0.  235-82. 

TUYERES  for  blast  furnaces,  copper.  A.  K. 
Reese  En:fr.  jLondonI  (May  10,  1918) 
125,  404.     From  Iron  A  Steel  Inst. 

WELDED  ships,  Lloyd's  rules.  Shipbldg.  ± 
Shipping  Rec.  (Aug.  22.  1918)  19,  181. 

WELDING  of  iron  and  steel.  W.  H.  Cathcart, 
Jnl.  West  of  Scot.  Iron  A  Steel  Inst.  (Apr, 
1918)  95,  327-53. 

METALLURGY  OF  NON-FERROUS 

METALS 

(See  also  Mineral  Resources,  Ore-dressing 

and  Preparation  of  Coal,  Coal  and 

Coke,  and  Metallurgy  of 

Iron  and  Steel.) 

ALLOY,       Compagnie       Francaise      Thoinson* 

Houston.     Perfectionnementa  k  un  alliage. 

French    Pat.    487169.     Bull.    Off.   PropriiU 

Indust.  (Apr.  4.  1918)  58,  44. 
ALUMINIUM,     Recovering.     G.     W.   Wsrdle, 

British   Pat.    117321.     III.   Off.   Jnl.  (Sept 

4,   1918)   1945. 
ALUMINIUM,    Metallography    of,    rwrrvstalli- 

lation  and  grain  growtn.     R.  J.  AndersoOj 

Metal  Ind.  (Aug.  9,  1018;  18,  81-2.     Rssd 

before  Faraday  Soc. 
ALUMINIUM.    Alluminio.    BUtiricUa  (Xvig.  25, 

1918)  No.  1883.  54-5. 
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TRAYLOR  EQUIPMENT 

FOR 

MINE,  MILL  AND  SMELTER 


JAW  CRUSHBRS  for  every  porpoee  all  fitted 
with  cast  steel  water-cooled  pitman,  water- 
cooled  main  {Mtman  shaft  bearings  and  buQt  in 
sizes  from  7''  z  xo''  Jaw  opening,  up  to  and  in- 
cluding the  Giant  66"  z  86"  crusher  weighing 
680,000  pounds,  the  largest  Crusher  in  the 
world.    Bulletin  J-x. 

CRUSHING  ROLLS  with  the  "Fleeting  RoU" 
the  only  Crushing  Rolls  built  which  have  an 
automatic  device  for  shifting  the  position  ol 
the  fized  roll  in  a  lateral  direction.  Corrugat* 
ing  and  Flanging  ol  the  Roll  shells  eliminated, 
thus  assuring  a  greater  tonnage  per  set  of  shells, 
also  a  greater  toimage  ol  finished  product  per 
horse  power  consumed.  Built  in  sices  from 
18" z  10" to  i%" z  50'' indusive.   Bulletin  R-i. 

SMBLTIN G  FURNACBS  for  Copper  or  Lead 
Smelting  equipped  with  Traylor  Patented 
Water  Jackets,  having  the  tuytee  an  integral 
part  of  the  fire  sheet  which  is  free  from  all  pro- 
jections, also,  Traylor  quick  detachable  tuyte 
connection  and  many  other  features  which  have 
made  Traylor  Smelting  Furnaces  World  Stand* 
ard,  as  evidenced  by  over  90%  of  all  new 
smelting  equipment  purchased  during  the  past 
fiscal  year  being  made  by  us.    Bulletin  SF-x. 


COPPER  C0NVBRTBR8  so  designed  that 
any  tuy^e  can  be  removed  without  interfering 
with  the  others.  Tuyire  Bozes  that  can  be 
detached  without  disturbing  the  tuytee  pipes 
because  of  the  Williams  connections.  Shelby 
improved  Tuyte  valve,  universal  air  connec- 
tion, all  features  that  make  for  efficiency  and 
ease  in  operation.    Bulletin  C-x. 


Traylor  Engineering  ^  Mfg.  Co. 

Main  Office  and  Works:  AUcntOWn,    Pa.,    U.    S.    A. 

NEW  YORK  CHICAGO  LOS  ANGELES  SPOKANE 


[Please  mention  this  bullbiin  when  writing  advectlswsJ 
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THE  MINING  AND  METALLURGICAL  INDEX 


ALUMINIUM  and  its  light  alloye.  P.  D. 
Merica,  Chem.  A  Met.  Engng.  (Sept.  15, 
1918)  19,  329-35;  MeUil  Rec.  (Aug.,  1918) 
4,230-3. 

ALUMINIUM  (bauxite)  deposita  and  the  pro- 
duction of  aluminium.  Engn(L  Aug.  16. 
1918)  106,  163-6:  (Aug.  23,  19185  106,  191-3. 
Serial;  (Aug.  30,  1918)  106,218-20.  Con- 
clusion. 

ALUMINIUM  castings,  Sharp.  Prac.  Engr. 
(Aug.  22,  1918)  6S,  87. 

ALUMINIUM  sheets.  Toting.  H.  J.  Anderson. 
Metal  Ind.  |London]  (Aug.  16,  1918)  IS, 
lOO-l. 

ALUMINIUM,  Chemistry  and  metallography  of 
Engnj.  (Aug.  2,  1918)  106,  123. 

ALUMINIUM,  Recasting  of  turnings.  Refonte 
des  tournures  d'  aluminium.  Jkitaux  All. 
Mcch.  (July,  19181  4-6. 

ALUMINIUM  pig,  Remelting,  in  the  electric 
furnace.  D.  D.  Miller,  Chem.  &  Met. 
Engng.  (Sept.  1,  1918)  19,  251  4. 

ALUMINIUM,  Process  to  harden,  claimed.  Salt 
LaKe  Min.  Rev.  (July  30,  1918)  SO,  28. 

ANALYSIS  of  alloys,  Industrial  processes  for 
the  speedy.  J.  R.  Downie.  In4iut.  Atutral. 
(Aug.  8,  1918)  60,  206.     Serial. 

ANTIMONY,  Treatment  of  ores,  Sardinia . 
Trattamento  dei  minerali  di  antimonio  in 
Sardegna.  Industria  (July  31,  1918)  89, 
437-8. 

ANTIMONY   mining   and   smelting   enterprise* 
E.  C.  Miller.  Engng.  A  Min.  Jnl.  (Sept.  21 
1918)  106,  536-7.     Letter. 

BABBITT  and  babbitted  bearings.  J.  L. 
Jones,  Metal  Ind.  [N.  Y.)  (Sept..  1918^  16, 
402-4.     From  A.  I.  M.  £.  BuU.  140. 

BASIC  electric  furnace  bottoms,  making.  A.  W. 
Lorens,  Foundry  (Sept.,  1918)  46,  403. 

BISMUTH-tin  alloys.  Conductivities  and  ther- 
moelectric powers  of.  A.  E.  Caswell  and 
C.  A.  McKay.  Phya.  Rev.  (Sept.,  1918)  12. 
226-30. 

BISMUTH-tin  alloys.  Thomson  effect.  A.  E. 
Caswell,  Phyn.  Rrv.  (Sept.,  1918)  19,  231   7. 

BLA&T-furnace  charge  at  the  Bunker  Hill 
Smeltery.  C.  T.  Rice,  Engng.  <fc  Min. 
Jnl.  (Sept.  7,  1918)  106,  436-8. 

BRASS,  melting,  in  a  rocking  electric  furnace* 
H.  W.  Gillctt  and  A.  E.  Rhoads.  Metal  Ind- 
ILondonl  (Aug.   16.  1918)   18,162-4.     Serial- 

BRAS.S.  Improvements  in  crucible  furnaces  for 
melting.     Metal    Ind.    [London]    (July    19. 
.1918)  18,  38-9. 

BRINELL  hardness  test.  Iron  Age  (Sept.  5, 
1918)  109,581-2. 

BRINELL  hardness.  New  method  of  obtaining. 
J.  G.  Ayers.  Aulomot.  Ind.  (Sept.  12.  1918) 
89,  457  et  seq.  Paper  presented  at  Am. 
Soc.  of  Testing  Materials. 

BRONZES.  Aluminium.  J.  Eacard.  Metal  Ind. 
London]  (July  26.  1918)  IS,  52-4. 

CASTING-metals.      C.     Kohler,     British     Pat. 

116657.     ///.  Off.  Jnl.  (Aug.  8,  1918)  1691. 
CASTING    metals.     N.    Rappei.     Britis^i    Pat. 

116.581.     ///.  Off.  Jnl.  (A UK.)  8.  191S<  1667. 
CASTING  metals.     O.  S.  Wijian.     British  Pat. 

117314.     ///.  Off.  Jnl.  (Sept.  4.  1918)  1912. 
CASTING  metals,  etc.     S.  Strettles  &  T.   Lee. 

British  Pat.  116732.     III.  Off.  Jnl.  (Aug.  14, 

1918)  1717-8. 
CASTING  slag,   metal,   etc.     Middleaboro   Slag 

Co.     British    Pat.     117144.     ///.     Off.    Jnl. 

(Aug.  28.  1918)  1870. 
CENTRIFUGAL   casting   machine.     D.    S.    De 

Lavaud,     U.    S.    Pat.     1276038.     Off.    Gaz. 

(Aug.  20.  1918)  958,  530. 
CLASSIFICATION,    Standard,    of   old    metals- 

Brass  Wld.  (Sept.,  1918)  14,  232  3. 
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^OKE  hardness,  important  factor.     G.  D.  Coeh- 
rane.  Iron  Tr.  Rev.  (Sept.  5,  1918^  68,  562. 

COPPER.  El  cobre  en  el  comcrcio.  Rev.  Minera 
(Aug.  16.  1918)  69,  401-2. 

COPPER,  furnace  refining.  II.  L.  Addieks, 
Metal  Rec.  (Aug.,  1918)  4,  237-9.     Serial. 

COPPER,  future.  W.  F.  Staunton.  Min.  dt 
Oil  BuU.  (Aug.,  1918)  4,  371-3. 

COPPER,  Metallurgy  of.  in  Canada.  L'indus- 
trie  m6tallurgique  du  cuivre  au  Canada. 
MStaux  A  a.  Mack.  (July.  1918)  7-8. 

COPPER  refining  recovery  of  selenium  and  tel- 
lurium. M.  H.  Memos  and  H.  T.  Binder. 
Engng.  &  Min.  Jnl.  (Sept.  7,  1918)  101 
443-5. 

COPPER  smelting.  Om  Tijlgodogorning  af  nsf 
eller  Sm&ltreaster  Fran  Aldre  Kopparhyttor. 

5.  Wenneberg.   TeK.  Tid*.  (June  26.  1918) 
48,  88-9. 

COPPER  resources  of  Russia.  MeUd  Ind. 
[London]  (July  19.  1918)  18,  39-40. 

CRUCIBLE.  J.  J.  Boericke,  U.  S.  Pat. 
1277032.  Off.  Gat.  (Aug.  27,  1018^  98S, 
838. 

COTTRELL  precipitation  in  South  America. 
Engng.  A  Min.  Jnl.  (Sept.  21. 1918)  106, 532- 
3.     Illustrations. 

DIE  castings,  design.  M.  Stern,  Am.  Maekintst 
(Sept.  26,  1918)  49,  549-51. 

ELECTRIC  developments,  Future,  in  Italy. 
Iron  A  Coal  Tr.  Rev.  (Aug.  9,  IftlS)  9T,  151. 

ELECTRIC  brass  melting,  present  status. 
H.  M.  St.  John,  Chem.  A  Met.  Engng.  (Sept. 
15,  1918)  19,  321-8.  Read  before  Ohio 
Electric  Light  Assoc. 

ELECTRIC  furnaces.  B.  £.  D.  Kilbura. 
British  Pat.  116853.  lU.  Off.  Jnl.  (Aug.  14. 
1918)  1762. 

ELECTRIC   furnace  leads.     Blsct.   Rev.   (Sept. 

6.  1918)  88,  230-1. 

ELECTRIC  metallurgical  furnaces.  Engng 
(Aug.  2,  1918)  106,  110-2.     Serial. 

EXTRACTING  metals  from  orea.  C.  Biesel. 
U.  S.  Pat.  1276162.  Off.  Gaz.  (Aug.  20, 191S) 
968,  566. 

EXTRACTING  and  refining  metals.  0.  C. 
Bockman,  British  Pat.  116887.  III.  Of. 
Jnl.  (Aug.  21. 1918)  1773. 

FORE-hearths.  Reverberatory.  L.  Duncan, 
Engng.  A  Min.  Jnl.  (Sept.  21.  1918)  106, 534. 

FUEL  economy  in  blast  furnaces.  T.  C.  Hutch- 
inson, Iron  Age  (Sept.  19.  1918)  109,  6S9  91. 

FURNACES,  electric,  an  automatic  control. 
Ir<m  A  Coal  Tr.  Rev.  (Aug.  9.  1918)  97,  154. 

G  UN-metal,  Admiralty.  H.  S.  Primrcwe. 
Metal  Ind.  I  London]  (July  19.  1918)  U. 
33-4. 

HARDNESS  of  soft  iron  and  copper  compared. 
F.  C.  Kelley,  Advance  copy^  No.  3,  Am.  Elec- 
trochem.  Soc,  45-8. 

HEAT  treating  furnaces.  C.  R.  Inman.  British 
Pat.  117301.  in.  Off.  Jnl.  (Sept.  4,  191S) 
1936. 

HYDROMETALLURGICAL  plants,  safety  and 
health.  A.  W.  Allen,  Engng.  A  Min.  Jnl. 
(Sept.  14,  1918)  106,  480-1. 

LATIN-AMERICAN,  metals,  and  metel  indus- 
tries. P.  F.  Martin,  Metal  Ind.  (Aug.  9, 
1918)  13,  86-7. 

LICiUID  fuel.  W.  M.  Burdon,  Perfectionne- 
mcuts  aux  fours  mStallurgiques  chauff^  au 
combustible  liquide.  French  Pat.  486980. 
Bull.  Off.  PropriiU  Indust.  (Mar.  21,  1918) 
88,  37. 

LIXIVIATION  of  copper  ore  by  means  of  am- 
monia. P.  Alvares.  Lexiviadon  de  mineralei 
de  cobre  por  medio  del  amoniaco.  BoL 
Soc.  Nac.  Min.  (Feb.-Mar.,  1918)  86, 
20-8. 
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Silvcr.Uad,  Copper  and  Pyritlc  Smelting  Works,  Sampling  Works,  Copper  Betsemerlz- 
ing  Plants,  Rock  Crushing  Plants,  SUmp  MiHs.  CMorination  Mills,  Cyanide  Mills,  Cement 
Mills,  Timber  Creosotlng  Plants,  Mine  Equipment,  Ore  Drying  Machinery,  Power  Trans- 
mission Machinery.  Apparatus  for  Pulverizing  and  Burning  Coal  for  Industrial  Purposes. 
Woodlxiry  System  of  Concentration,  Pachuca  Parral  and  Cyanide  Tanks,  Loomls-Pettl- 
bone  Gas  Generators,  Suctfon  Gas  Plants  and  OH  Engines. 

Write  for  Catalogs  Upon  the  Above  Sabjecta. 


SUPERIOR  McCULLY  GYRATORY  CRUSHERS 
OUR  NEW  DESIGN  (Patented) 

The  Last  Word  in  Gyratory  Crusher  Conatruc- 
tion.  Life  of  "Eccentric  and  Gears"  Lengthened 
''200%/'  Because  All  "Dust  and  Grit"  is  Absolute- 
ly Excluded  and  "Cut  Gears"  run  "QuieUy  in  OU," 
Main  Shaft  60%  Stronger  than  any  Gyratory  of 
Corresponding  Opening:  Area  of  Eccentric,  xoq% 
Greater  than  any  Machine  of  Equal  Size. 

Canities — ^30  to  1000  tons  per  hour,  built  in 
sizes  from  10"  to  54''  opening.  Ask  for  Bulletin 
of  this  new  machine. 

SUPERIOR  JAW  CRUSHERS 

We  were  the  Pioneer  Builders  of  Large  Jaw 
Crushers — ^Have  More  Large  Machines  in  Opera^ 
tion  than  all  other  Manufacturers  Combined — Re- 
peat Orders  for  8^x60"  Machines  from  Chile 
Copper  Co.;  Chino  Copper  Co.;  Hardaway  Co.; 
Luossavaara  Kurunavaara  Aktiebolag.  Built  in 
sizes  from  36"  x  24"  to  84"  x  66".  CapaciOes^yo 
to  600  ton  per  hour.    Ask  for  Bulletin  No.  44. 


COPPER  CONVERTERS  GT.  FALLS  TYPE 

Manufactured  in  two  distinct  designs,  known  as 
the  Cananea  or  Copper  Queen  type,  and  the  Ana- 
conda type.  Both  designs  furnished  with  side  or 
vertical  blow  tops,  of  any  desired  diameter  opening. 
Number  of  tuyeres  may  range  from  ao  to  28,  as 
desired.  Blast  connection  may  be  placed  on  either 
side  of  converter. 

GARFIELD  CRUSHING  ROLLS 

Manufactured  in  a  wide  range  of  sizes,  to  meet 
the  requirements  of  discriminating 
engineers,  who  demand  an  exception- 
ally efficient  and  worthy  design.  Most 
sizes  of  Garfield  Rolls  so  constructed 
as  to  permit  the  use  of  overnte  roll 
shells.  A  wide  range  of  standard  de- 
signs, and  also  several  special  types  equipped  with  heavy,  fly-wheel  type  pulleys. 


WORTHINGTON  PUMP  AND  MACHINERY  CORPORATION 

115   Broadway,    -    New  York 


Power  and  Mining  Machinery  Works, 


Cudahy,  Wis. 


[Please  mention  this  bulletin  when  writinj?  advertisers.] 
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Acetylene  Apparatot 

Maeleod  Co.,  Bogen  St.,  Cinoinn«ti,  Ohio. 

Acidi  and  Anmonia 

HeU  Chemical  Co.,  Henry.  210-214  8.  4th 
St.,  St.  Louie,  Mo. 

Adda  Sulphuric 

Illinoia  Zino  Co.,  Pvu.  111. 

Afitetort 

Dorr  Co.,  DenTer,  Colo. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 
Pa. 

Amalgamatore 

AUie-Chalmere  Mfg.  Co..  Milwaukee.  Wie. 
Traylor  En^neering  &  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  &   Machinery  Corpn., 


imp 
,  Ni 


115  Broadway,  New  York  City. 

Aebestoe 

Lavino  and  Co.,  B.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Aebeetoe  MateriaU 

Johne-Manville  Co.,  H.    W.,  296    Madison 
Atc.,  New  York  City. 


ij  SuppUee 
H«     ~ 


[eil  Chemical  Co.,  Henry.  210-214  8. 4th  St., 
St.  Louie,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway 
New  York  City. 

Azlec,  Mine  Car 

Fuller-Lehigh  Co..  FuUerton.  Pa. 


Balancea  and  Weights 

Hell  Chemical  Co.,  Henry,  210-214  8. 4th  St.. 

St.  Louis.  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 

Ball  and  Tube  Mill  Parts 

American  Manganeee  Steel  Co.,  McCormick 
Bldg.,  Chicago,  111. 

Bearings,  Ball 

Gwilliam  Co.,  263  W.  68th  St..  New  York 
City 

Bearings,  Roller 

Gwilliam  Co.,  263  W.  68th  St.,  New  York 

aty 

Belting,  ConToyor 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Robins  ConTeying  Belt  Co.,  Park  Row  Bldg., 

New  York  City. 

Belting,  BIcTator 

Goodrich  Rubber  Co..  B.  F..  Akron.  O. 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus, 
Ohio 

Belting.  Transmission 

Goodrich  Rubber  Co..  B.  F.,  Akron,  O. 

Bias.  Coal  and  Coke 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus, 
Ohio. 

Blastittg  Powder  (See  Powder,  Blasting) 

Blasting  Supplies 

Du  Pont  de  Nemours  A  Co.,  E.  I.,  Wilming> 
ton.  Del. 

Blowers 

General  Electric  Co.,  Schenectady,  N.  Y. 


Blowi^pe  Apparatus 

HeU  Chemical  Co..  Henry.  210-214  8. 4th  St. . 
St.  Louis.  Mo. 

Brake  Blocks 

Johns-Manvflle  Co..  H.  W.,  200  Madfaoa 
Ave.,  New  York  City. 

Brick,  Fire 

Harbison-Walker  Refraetoriee  Co.,  Farmen' 
Bank  Bldg..  Pittsburgh.  Pa. 

Larino  and  Co.,  E.  J.,  Bullitt  Bldg^  Phila- 
delphia, Pa. 

Buckets,  BlCTator 

American  Manganese  Steel  Co.,  MeConaiek 

Bldg..  Chicago,  lU. 
Jeffrey  Mfg.  Co..  902  N.  4th  St..  ColnmbM. 

OUo. 

Burners,  Gas 

Maeleod  Co.,  Bogen  St.,  Cineinnati.  ObM. 
Bomers,  Oil 

Maeleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Mine  and  Smelter  Supply  Co.,  42  Broadway 
New  York  aty. 


Cableways 

Flory  Mfg.  Co.,  8.,  Bangor,  Pa. 

Leschen  dfe  Sons  Rope  Co..  A.,  920  N.  let  St., 

St.  Louis,  Mo. 
Maoomber  ft  Whyte  Rope  Co..  Kenosha,  Wit 
Roebling's  Sone  Co.,  John  A.,  Trenton,  N.  J. 

Cages,  Hoisting 

Mine  and  BmeltM'  Supply  Co..  42  Broadway, 

New  York  aty. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 
Pa. 

Cages,  Self  Dumping  and  Plain 

Holmes  A  Bros.,  Inc.,  Robt.,  30  N.  Basel  St., 
Danville.  111. 

Car  Lifts,  Antomatic 

Holmes  A  Bros.,  Inc.,  Robt.,  30  N.  Basel  St.. 
Danville.  lU. 

Carbide  Lamps 

Madeod  Co..  Bogen  St..  Cincinnati*  Ohio. 

Cars,  Ore 

Allie-Chalmers  Mfg.  Co.,  Milwaukee.  Wia. 
Mine  and  Smelter  Supply  Co..  42  Broadway. 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co..  AHentowa. 

Pa. 

Castings,  Brass 

Holmes  A  Bros.,  Inc.,  Robt.,  30  N.  Basel  8t^ 
Danville.  lU. 

Castings,  Iron 

Fuller-Lehigh  Co..  FuUerton.  Pn. 
Holmee  A  Bros.,  Inc.,  Robt.,  30  N.  Basel  St., 
DanviUe.  III. 

Caustic  Soda 

Heil  Chemical  Co..  Henry,  210-214  &  4th  Si.. 
St.  Louis,  Mo. 

Cement  Blast  Guns  (See  Gnns,  Cement) 

Cement  Machinery 

Traylor  Engineering  A  Mfg.  Co..  Allentown, 

Pa. 
Worthington   Pump  A  Machinery  Corp'n. 
116  Broadway,  New  York  aty. 

Cements.  Refractory 

Johns-Manville   Co..    H.  W..  290  Madbea 
Ave.,  New  York  City. 
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MANGANESE  STEEL 


RoU  SheUs  of  AMSCO 
Manganese 

are  unexcelled  for 
their  wearing  qualities 


We  solicit  your  Inquiries  for 

Roll,  Jaw  or  Gyratory  Crusher  Repairs 

AMERICAN  MANGANESE  STEEL  COMPANY 

W«Bteni  Soles  Office  Geaeral  Sales  Office         Eastern  Sales  Office 

HewbouiB  BIdf.  UcCormlck  Bld(.  Badson  Tcimiiul  Bldg. 

Salt  Lake  City  Chicago  New  York 
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Chains 

American  Manganese  Steel  Co.,  McCormick 

Bldg..  Chicago,  111. 
Jeffrey  Mfg-  Co..  902  N.  4th  St.,  Columbus, 
Ohio 

Chemical  Apparatus 

HeU  Chemical  Co.,  Henry.  210-214  S.  4th  St.. 
St.  Louis,  Mo. 

Chemicals        • 

Heil  Chemical  Co..  Henry.  210-214  S.  4th  St. 
St.  Louis,  Mo. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 

Roessler  A  Hasslaoher   Chemioal   Co.,    100 
William  St..  New  York  City. 
Chroma  Brick 

Harbison- Walker  Refractories  Co.,  Farmers' 
Bank  Bldg..  Pittsburgh.  Pa 

Lavino  and  Co..  £.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 
Chrome  Cement 

Lavino  and  Co.,  E.  J..  Bullitt  Bldg.,  Phila- 
delphia. Pa. 
Chrome  Ore  (Lump  and  Ground) 

Lavino  and  Co..  E.  J.,  BulUtt  Bldg.,  Phila- 
delphia, Pa. 
Chute  Plates  ft  Launder  Liners 

American  Manganese  Steel  Co..  McCormick 
Bldg.,  Chicago,  111. 
Chutes 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 
Ohio. 
Classifiers 

Allia-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Colorado  Iron  Works  Co.,  Denver.  Colo 

Deister  Concentrator  Co.,  Fort  Wayne,  Ind. 

Dorr  Co.,  Denver,  Colo. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 

Trayior  Engineering  A  Mfg.  Co.,  AUentown. 
Pa. 

Worthington    Pump   &    Machinery  Corp'n., 
115  Broadway,  New  York  City. 

Coal  and  Ash  Handling  Machinery 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 
Ohio. 
Coal  Mining  Machines 

Goodman   Mfg.   Co.,   Halstead  St.   ft  48th 

Place.  Chicago.  III. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus. 

Ohio. 
Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  111. 
Coal  Mining  Plants 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 
Ohio. 

Coal  Storage  and  Rehandling  Machinery 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 
Ohio. 

Coatings.  Roof 

Johns-Manville    Co.,  H.    W..  296  Madison 
Ave..  New  York  City. 
Collectors.  Dust 

Macleod  Co..  Bogen  St.,  Cincinnati,  Ohio. 
Compass.  Maas  Patent  Drill  Hole 

Derby,  Jr..  E.  L.,  Agent,  Ishpeming,  Mich. 
Compressors,  Air 

Allis-Cbalmers  Mfg.  Co..  Milwaukee,  Wia. 

General  El»>otric  Co.,  Schenpctady.  NY. 

Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave..  ChieaKO.  111. 

Worthington   Pump   ft  Machinery   Corp'n., 

115  Broadway,  New  York  City. 

Concentrators 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Deister  Concentrator  Co.,  Fort  Wayne,  Ind. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Trayior  Engineering  ft  Mfg.  Co.,  AUentown. 

Pa. 
Worthington   Pump   ft  Machinery   Corp'n.. 

116  Broadway.  New  York  City. 


Co..  Best 


Condensers.  Surface 

Westinghouse   Eleetrie   ft    Mfg. 
Pittsburgh,  Pa. 

Contractors.  Diamond  Drilling 

Longyear  Co..   E.   J..  710  Security  BMg.. 

Minneapolis,  Minn. 
Sullivan  Machinery  Co..  122  So.  Miehigsa 

Ave.,  Chicago,  lU. 

Converters,  Copper 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Trayior  Engineering  ft  Mfg.  Co.,  AUcntovn. 

Pa. 
Worthington   Pump   ft' Machinery  Corp'a.. 
115  Broadway,  New  York  City. 

Converters,  Electric.  Rotary 

General  Electric  Co.,  Schenectady.  N.  T. 
Westinghouse   Electric    ft    Mfg.    Co., 
Pittoburgh,  Pa. 

Conveyors.  Belt 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  ColaiabiiB. 

Ohio. 
Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg .. 

New  York  City. 

Conveyors,  Cable  Flight 

Jeffrev  Mfg.  Co..  902  N.  4th  St..  ColaBbu. 
Ohio. 

Conveyors.  Chain  Flight 

Jeffrey  Mfg.  Co..  902  N.  4th  St..  Colonbo. 
Ohio. 

Conveyors,  Pan  or  Apron 

Jeffrey  Mfg.  Co..  902  N.  4th  St..  Colombos. 
Ohio. 

Conveyors,  Screw 

Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Colanbai. 
Ohio. 

Core  Drilling 

Lonsyear  Co.,   E.   J..  710  Security   Bids., 

Minneapolis.  Minn. 
Sullivan  Machinery  Co..  122  So.  MioUfsi 

Ave.,  Chicago,  111. 

Coverings.  Pipe  and  Boiler 

Johns-Manville  Co.,  H.  W.,    206    Madim 
Ave..  New  York  City. 

Crucibles 

Heil  Chemioal  Co..  Henry.  2ia>214  8. 4tli  8U 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co..  42  Broadwsj. 
New  York  City. 

Crushers,  Coal  and  Coke 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Colombia 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  BMg^ 

New  York  City. 
Worthington    Pump   ft  Machinery  Corp'iu 

115  Bro  -^ 

Crushers.  Ore 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Buchanan  Co.,  C.  G.,  90  West  St..  New  Yoit 

City. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Fuller-Lehigh  Co..  FuUerton.  Pa. 
Heil  Chemical  Co..  Henry.  210-214  S.  4th  8t. 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway 

New  York  City. 
Trayior  Engineering  ft  Mfg.  Co..  AUeatova 

Pa. 
Worthington   Pump   ft   Machinery  Corp'B. 

115  Boradway,  New  York  City. 

Crushing  Roll  Parts 

American  Manganese  Steel  Co..  MoCcroidi 
Bldg..  Chicago  111. 


imp 
,  Ne 


1 15  Broadway,  New  York  City. 
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Results 


The  Dorr  Bowl  Classifier 

At  200  Mesh 

The  results  shown  below  are  from  the  Golden  Cycle  Mill. 
They  are  not  picked  results,  but  represent  an  average  which 
any  operator  can  obtain  by  installing  a  Dorr  Bowl  Classifier 
for  the  removal  of  colloids. 

The  elimination  of  colloids  does  not  require  close  regulation. 
A  clean  sand  can  be  maintained  under  wide  variation  of  feed 
tonnage  without  requiring  changes  in  the  Classifier  adjustment. 

ll-FOOT  DORR  BOWL  CLASSIFIER 

Screen  Test  Cumulative  Per  Cent. 


Mesh 

Feed 

Sand  Discharge 

SUme  Discharge 

+  30 

3 

6.7 

+  40 

11 

21.8 

+  60 

33 

53.2 

+  80 

36 

63.2 

+  100 

47 

73.2 

+  150 

56 

84.2 

.5 

+200 

63 

96.0 

2.6 

-200 

37 

1 

4.0* 

97.4 

Tons  feed  per  day  580.  Overflow  205  tons. 

Dilution  of  feed  3:1.  Overflow  8:1. 

Moisture  in  sand  discharge  23  per  cent. 

*  The  4  V^  cent,  passing  200  mesh  re-presents  fine  sand  with  only  a  trace  of 
colloids. 


H 


DORR  COMPANY 

ENGINEERS 


NEW  YORK 
101  Park  Avenue 


DENVER 
1009  17th  Street 


LONDON 
16  South  Street 
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Crashing  RoUi  (See  Rolls,  Crushiof) 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus, 
Ohio 

Cuiffo-MAcnesiam  Metal 

LftTino  and  Co..  £.  J..  Bullitt  Bldg..  Phila- 
delphia. Pa. 

Cttpro-VAiuidiam 

Primos  Chemical  Co..  Primos.  Pa. 

Cyanide 

Roessler  ft  Hasslaoher   Chemioal   Co.,    100 
William  St.,  New  York  City 

Cyaniding  Bquipment 

AUis  Chalmers  Mfg  Co^  Milwaukee,  Wis. 
Colorado  Iron  Works  Co..  Denver.  Colo. 
Dorr  Co.,  Denrer,  Colo 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown. 

Pa 
Worthington  Pump  ft   Machinery  Corp'n., 

116  Broadway,  New  York  City. 

Daad  Burned  Magnesite 

Harbison- Walker  Refractories  Co.,  Farmers' 
Rank  Bldg..  Pittsburgh.  Pa. 

Dawaterars 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Dorr  Co.,  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 
Pa 

Diamond  Drilling 

Lonjtyear   Co.,   R.   J.,   710  Security   Bldg., 
>frnneapolis,  Minn. 

Dradcing  Machinery 

Flory  Mfg.  Co.,  S.,  Bangor,  Fa. 

Drill  Hole  Compass  (See  Compass,  Drill  Hole) 

Drills,  Core 

Lonurear   Co.,   R.   J.,   710  Security    Bldg., 

\finneapolis,  Minn. 
SuIHvan  Machinery  Co.,  122  So.  Michigan 

Ave.  Chicago,  lU. 

Drills,  Diamond 

Lonjprear   Co.,    B.   J.,   710  Security    Bldg., 

\1innt*apolis,  Minn. 
Sullivan  Machinery  Co.,  122  So.  Michigan 

Ave..  Chicago.  10. 

Drilla,  Blectric 

Denver  Rock  Drill  Mfg.  Co..  Denver,  Colo. 
General  Rlectric  Co.,  Schenectady,  N   Y. 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus. 
Ohio 

Drills,  Hammer 

Denver  Rock  DriU  Mfg.  Co.,  Denver,  Colo. 
Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave..  Chicago.  111. 

Drills,  Prospectint 

Sullivan  Maohiner; 


KCo..  122  So.  Michigan 
_  - 
Drills,  Rock 

Denver  Rock  Drill  Mfg.  Co..  Denver.  Colo. 
Sullivan  Machinerv  Co..  122  So.  Michigan 
Ave..  Chicago.  lu. 

Dryara,  Ore 

Tiavlor  Engineering  ft  Mfg.  Co.,  AUentown. 

Pa 
Wedge  Mechanical  Furnace  Co..  Greenwich 

Point.  PhUadelphia.  Pa 

Dryers,  Rotary 

FuIIer-Lehigh  Co.,  FuUerton,  Pa. 

Dryers,  Sand  and  Gravel 

Madeod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 

Dnmps,  Rotary 
W< 

{ 

Dynamite 


ood   Equipment  Co.,   McCormick   Bldg.. 
Chicago,  m. 


Da  Pont  de  Nemours  ft  Co..  E.  I..  Wilming- 
ton, Del. 


Dynamos  (See  Generators,  Blectnc> 
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Electrical  Machinery 

General  EUectric  Co..  Schenectady.  N.  T 
Westinshouae    Electric   ft    Mfg.    Co.. 
Pittsburgh.  Pa 

Elevators,  Bucket 

Buchanan  Co.,  C.  Q.,  00  W«et  St.,  New  York 

aty. 

Jeffrev  Mfg.  Co.,  002  N.  4th  St..  Colnmbas. 

Ohio. 
Mine  and  Smelter  Supply  Co..  43  Broadway. 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg.. 

New  York  City. 
Traylor  Engineering  ft  Mff.  Co..  Allentova. 

Pa 
Worthington   Pump  ft  Machinery  Corp's. 

115  Broadway.  New  York  City. 

Emery  Ore 

Lavino  and  Co.,  E.  J.,  BuUitt  BMg..  Fliils- 
delphia.  Pa. 

End  Loaders  (See  Loaders,  End) 

Engines,  Gas  and  Gasolina 

AlUa-Chalmers  Mfg  Co.,  Milwaukee.  Wk. 

Engines,  Haulage 

Holmes  ft  Bros..-  Inc..  Robt..  80  N.  Hasd  8u 
DanvUle.  Ill 

Engines,  Hoistinc 

Flory  Mfg.  Co.,  8.,  Bangor.  Pa. 

Hohmes  ft  Bros..  Inc..  Robt..  30  N  BasdSt^ 

Danville,  lU. 
Vulcan  Iron  Works.  1744  Main  St..  WHka- 

Barre.  Pa 

Engines,  OU 

\lIis-ChalmerB  Mfg.  Co.,  Milwaukee,  Wk 
Worthington   Pump  ft   Machinery  Corp's.. 
lift  Broadway.  New  York  City 

Engines,  Steam 

\nis-Chalmer»  Mfg.  Co.,  Milwaakec.  Wk 

Explosives 

Du  Pont  de  Nemours  ft  Co..  B.  I.. 
ton.  Del 


Fans,  Ventilating 

Jeffrey  Mfg.  Co..  002  N.  4th  St..  Cdaalbm. 

Ohio. 
Vulcan  Iron  Worka.  1744  Main  flt^  W9k» 

Rarre,  Pa 

Feeders.  Ore 

Buchanan  Co..  C.  G.,  00  West  8L,  New  Tiik 

City. 
Jeff  rev  Mfc.  (^o..  002  N    4th  .-^t..  C^ileab* 

Olio. 
Mine  and  Smelter  Supply  Co.,  42  BrsadW. 

New  York  City. 
Rollins  Couv*  yiug  Belt  Co..  Park  Row  BUfrt 

New  York  Tiij^ 
Traylor  BnKin»«ring  ft  Mfg.  Co..  Albetorti 

P% 

Ferro -Chrome 

Lavino  and  Co..  E.  J..  BnlliU  Bldg..  nitr 
delphia.  Pa 

Ferro-Manganeae 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Pl^ 
delphia.  Pa 

Ferro-Molybdenum 

Lavino  and  Co..  E.  J..  Bullitt  BMg...  m» 

delphia.  Pa. 
Primoa  Chemical  Co..  Primoa.  Pa 

Ferro-Silicon 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  A^ 
delphia.  Pa 

Ferro-Tungsten 

Lavino  and  Co..  E.  J..  BuUiU  Bldg..  Phft* 
delphia.  Pa 

Pnmoa  Chemical  Co.,  Primoa.  Pa 
Ferro-Vanadfum 

Primos  Chemical  Co..  Primoa,  Pa. 

Filtering  Paper 

Heil  Chemical  Co.,  Heniy.  210-2148. 4* 
St.  Louia,  Mo. 
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JOHNS-MAINVILLE 
PIPE  INSULATION 


90^  Efficient 
And  How  You  Can  Know 

You  can't  tell  the  efl&ciency  of  insulation 
by  looking  at  it — or  merely  by  price  com- 
parison. It  must  be  a  proven  saver  of  heat. 
And  nothing  but  laboratory  and  service 
tests  will  prove  or  forecast  the  saving.  It 
is  by  data  so  obtained  that  the  value  of 
Johns-Manville  Insulations  are  determined. 

Johns-Manville  engineers,  with  the  serv- 
ice-proven efficiency  records  of  each  type 
of  insulation  before  them,  base  their  recom- 
mendations on  a  searching  analysis  of  your 
service  requirements. 

They  select  from  the  several  Johns- 
Manville  Insulations  that  type  that  will 
most  efficiently  meet  yom*  needs — not  only 
on  basis  of  heat  saved  but  on  basis  of  heat 
saved  per  dollar  of  expenditure.  This  is 
Johns-Manville  Insulation  Service. 


H.  W.  Johns-Manville  Co. 

New  York  City 

10  Factories    •    Branches  In  63  Large  Cities 
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Pilten 

Colorado  Iron  Works  Co..  Denver,  Colo. 
Traylor  Engineering  A  Mfg.  Co.,  AUentown, 
'     Pa. 

Fire  Clay 

Harbison-Walker  Refractories  Co.,  Farmers' 

Bank  Bldg..  Pittsburgh.  Pa. 
Lavino  and  Co.,  £.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Flotation,  OU 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Flue  Welding  Machines 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Fluorescent  Calcium  Tungstate 

Primos  Chemical  Co.,  Primos,  Pa. 
Fluorspar  (Domestic  and  Foreign) 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Forges,  Oil  and  Rivet 

Madeod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Forginga,  Heavy 

Holmes  &  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St.. 
Danville,  111. 

Fuller  Mill  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bids..  Chicago,  III. 
Furnaces,  Assay 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St.. 

St.  Louis,  Mo. 
Macleod  Co..  Bogen  St.,  Cincinnati,  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 
New  York  City. 
Furnaces,  Electric 

General  Electric  Co..  Schenectady,  N.  Y. 
Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 
Furnaces.  Flue  Welding 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Furnaces.  Gas 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Furnaces.  Lead 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Furnaces,  Mechanical  Roasting 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee,  Wh. 
Traylor  Engineering  A  Mfg.  Co.,  AUentown, 

Pa. 
Wedge  Mechanical  Furnace   Co.,  Greenwich 


3; 


Point,  Philadelphia.  Pa. 
Worthington    Pump    &  Machinery  Corp'n.. 

115  Broadway,  New  York  City. 
Furnaces.  MufBe 

Macleod  Co..  Bogen  St.,  Cincinnati,  Ohio. 

Furnaces,  Oil 

Macleod  Co.,  Bogen  St..  Cincinnati,  Ohio. 

Mine  and  Smelter  Supply  Co.,  42  Broadway. 
New  York  City. 
Furnaces,  Reverberatory 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Furnaces,  Smelting 

Colorado  Iron  Works  Co.,  Denver,  Colo. 

Traylor  Engineering  &  Mfg.  Co.,  AUentown, 
Pa. 
Furnaces,  Tire  Heating 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Gears 

Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbus. 
Ohio. 
Generators,  Acetylene  Welding  and  Cutting 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Generators,  Electric 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Goodman   Mfg.   Co.,   Halstead  St.  &  4Sth 
Place,  Chicago,  III 

Pittsburgh,  Pa 
Grinders,  Sample 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  AUentown, 
Pa. 


Westinghouse    Electric    A    Mfg.    Co..    East 


Grizzly  &  Riffle  Bars  (For  Hydraulic  Mines) 

American  Manganese  Steel  Co..  McCormick 
Bldg.,  Chicago,  III. 

Guns,  Cement 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Guns,  Concrete 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Gyratory  Crusher  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  111. 

Hangers,  Mine 

Johns-ManvUle    Co..    H.  W.,  296  Madison 
Ave.,  New  York  City. 
Hitchlngs  Mine  Car 

Maoomber  A  WhjrtelRope  Co.,  Kenosha,  Wis. 
Hoists,  Electric 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Flory  Mfg.  Co..  S-,  Bangor,  Pa. 
General  Electrio  Co..  ScLenectady,  N.  Y. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 

Ohio. 
Vulcan  Iron  Works,  1744  Main  St..  WDkes- 
Barre,  Pa. 
Hoists,  Skip 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  AUentown, 

Pa. 
Worthington   Pump   &  Machinery  Corp'n.. 
115  Broadway,  New  York  City. 
Hoists,  Steam 

Allis-Chalmers  Mfg.  Co..  Milwaukee,  Wb. 

Flory  Mfg.  Co.,  S..  Bangor,  Pa. 

Holmes  A  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St., 

DanviUe,  III. 
Mine  and  Smelter  Supply  Co.,  42  Broadwsj, 

Now  York  City. 
SulUvan  Machlnerv  Co.,  122  So.  Miohigan 

Ave.,  Chicago,  lu. 
Vulcan  Iron  Works.  1744  Main  St.,  Wilkce- 
Barre,  Pa. 
Hoppers,  Weigh 

Holmes  &  Bros..  Inc.,  Robt.,  30  N.  Hasel  St., 
DanvUle.  lU. 
Hose,  Air 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo. 
Goodrich  Rubber  Co.,  B.  P..  Akron,  O. 
Hydrated  Ferric  Oxide  (For  Gas  Poriflcation) 
Lavino  and  Co.,  E.  J.,  BulUtt  Bldg.,  PhiU- 
delphia.  Pa. 

HydrauUc  Mining  Machinery 

AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Insulators,  Third  RaU 

Johns-ManvUle    Co.,    H.  W.,  296  Madison 
Ave.,  New  York  City. 

Jackets,  Water 

Traylor  Engineering  A  Mfg.  Co.,  AUentown, 
Pa 

Jaw  Crusher  Parts 

American  Manganese  Steel  Co.,  MeCormiok 
Bldg.,  Chicago,  111. 
Jigs 

AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co..  Denver,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  St  Mfg.  Co.,  AUentown, 
Pa. 

~iimp 
115  Broadway,  New  York  City. 

Laboratory  SuppUes 


Worthington  Pump  A   Maohiaery  Corp'a., 
15  r  -    -    - 

Heil  Chemical  Co.,  Henry,  210-214  8. 4th  St., 


St.  Louis,  Mo. 

Lamns,  Acetylene 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Lamps,  Electric 

General  Electric  Co.,  Schenectady,  N.  Y. 
Westinghouse   Electric   A,   Mfg.   Co.,  Bisl 
PitUburgh,  Pa. 
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PROFESSIONAL  CARDS 


WALTER  H.  ALDRIDGE 

ConsnltittC  MiAlng  and 
Metalltircical  Bngineer 

U  Wall  Stre«t  I7BW  YORK 


A.  CHESTER  BEATTY 

CoRtulting  Mining  Enghioar 

25  Broad  Street 

NEW  YORK,  N.  Y. 

Cable  Address 

Grannie 


H.  KENYON  BURCH 

Mecbaiical  and  Mctallirglcal  Eofiieer 

Care  The  Sierra  Madre  Club 

L.  A.  ZnTeitment  Bldg. 

Loi  Ancales,  California 

Deeigner  and  Builder  of 
Power,  Hoistinc,  Pumping, 
Crushing  and  Milling  PlanU. 

Special  ties:  Coneentration  of  Ores, 

Eoonomio  Handling  of  Materials 


J.  PARKE  CHANNIN6 


Consultinc  Engineer 


61  Bboadwat 


NEW  YOlW 


JOHN  HAYS  HAMMOND 


Consulting  Engineer 


120  Broadway 

Code:  Bedford^McNem 


NEW  YORK 


ABBOT  A.  HANKS 

Chemist  and  Assayer 

Established  1806 

Control  and  Umpire  Assays,  Supervi- 
sion of  Sampling  at  Smelters,  Chemical 
Analyses  ot  Ores,  Minerals,  Mineral 
Waters,  etc. 

S30  Sacrameita  St.       San  Frandsce,  Cal. 


LEDOUX  ft  COMPANY 

Assayers  and  Samplera 
99  John  Street  NEW  YORK 

Independent  Ore  and  Metal  Samplers. 

Representatives  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 


ROBERT  H.  RICHARDS 

Ore  Dr»a»ing 
Massachusetts  Institute  of  Technology 

BOSTON.  MASS. 


GEORGE  WARREN  TOWER,  JR. 

and  Associates 
Consuithig  Geologists  and  Mining  Enghieers 

Examination,  Development  and  Manage- 
ment Properties  Gold,  Silver,  Copper  and 
Minerals  for  Making  Alloy  Steels. 

134  Woodland  Ave. 

NEW  ROCHaU,  NEW  YORK 


POPE  YEATMAN  EDWIN  S.  BERRY 

POPE  YEATMAN 

Consulting  Mining  Engineers 

Examination,  Development  and 
Management  of  Properties. 

Ill  Broadway,  New  York 

Cable:  Code: 

Ikana  BedJordrMcNeSH 
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Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbiu, 


Leftd  Acetate 

HeU  Chemieal  Co.,  Henry.  210-214  S.  4th  St.. 
St.  Louie,  Mo. 

Linlnce,  Ball  and  Tube 

Traylor  Engineering  db  Mfg.  Co..  AUentown. 
Pa 

Lininga,  Brake 

Johne-Manrille   Co^    H.  W.,  296  Madison 
Ave..  Npw  York  City. 

Llthtfge 

Heil  Chemical  Co..  Henry,  210-214  8. 4th  St., 
St.  Louis.  Mo. 

Loaders.  Bad 

Holmca  A  Broe..  Inc.,  Robt..  30  N.  Hasel  St., 
Danville.  111. 

Loading  Booms 

Ohio 

LoeomotiTes.  Compressed  Air 

General  Rleotrio  Co..  Schenectady.  N.  T. 
Vulcan  Iron  Works.  1744  Main  St.,  Wilkea- 

Barre.  Pa- 
Locomotives.  Electric  Trolley 

Qi^neral  Elr«trio  Co.,  Schenectady,  N.  Y. 
Goodman   Mfg.   Co.,   Halstead  St.  &  48th 

Place,  Chicago,  111. 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus. 

GhTo 
Westinghouee    Electric   A   Mfg.   Co..   East 

Pituburgh,  Pa. 

Locomotives,  Gasoline 

Vulcan  Iron  Works.  1744  Main  St.,  WUkes- 
Barre.  Pa. 

Locomotives,  Steam 

Vulcan  Iron  Works,  1744  Main  St.,  Wilkea- 
Barre.  Pa. 

Locomotives,  Storage  Battery 

General  Fleotiic  Co.,  Schenectady,  N.  Y. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbua, 

Ohio. 
Westinchouae    Electric   St    Mfg.    Co.,   East 
PiitHburah.  Pa 

Low  Carbon  Ferro-Manganese 

Lavino  and  Co..  E.  J..  Bullitt  Bldg.,  Phila- 
delphia. Pa 


Magnesia  Brick 

Harbiaon- Walker  Refractories  Co.,  Farmers' 

Rank  RIdg.,  PitUburgh.  Pa 
Lavino  and  Co..  E.  J.,  Bullitt  Bldg..  Phila- 
delphia. Pa. 

Magnesite  Cement 

Lavino  and  Co..  E.  J..  Bullitt  Bldg.,  Phila- 
delphia. Pa. 

Magnesium  Metal  (In£Ots  and  Powdw.) 
Lavino  and  C 
delphia.  Pa. 


J..  Bullitt  Bldg..  Phila- 


Magnetic  Pulleys  (See  Pulleys,  Magnetic) 

Manganese  Dioxide  (Lump  and  Ground) 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Manganese  Ore 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Meters.  Electric 

General  RIectrie  Co..  Schenectady,  N.  Y. 
Weatiiichouse    Electric    St    Mfg.    Co..    East 
Pittfiburgh,  Pa. 

Mica 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 

MiUs.  Ball,  Tube  and  Pebble 

Allifi'Chalmere  Mfg  Co  .  Milwaukee.  Wis 
Colorado  Iron  Work^  Co..  Denver,  Colo. 
Fuller-Lehigh  Co..  FuUerton.  Pa. 
Mine  and  Smelter  Supply  Co..  42  Broadway. 
New  York  City. 


Traylor  Engineering  A  Mfg.  Co.,  Allentows. 

Pa. 
Worthington  Pump  A   Machinery  Ccrp'a. 

116  Broadway.  New  York  City. 

MiUs,  ChUean 

Allis-Chalmers  Mfg.  Co..  Milwaukee.  Wli. 
Colorado  Iron  Works  Co.,  Denver,  Cclo. 
Traylor  Engineering  A  Mfg.  Co.,  ABentows. 

Pa. 

Mills.  Stamp 

Allia-Chalmers  Mfg.  Co..  Milwaukee,  Wk 
Colorado  Iron  Works  Co..  Denver.  Colo. 
Traylor  Engineering  A  Mfg.  Co..  Allentews. 

Pa. 
Worthington  Pump  A   Maohineiy  Coqi'a 

116  Broadway.  New  York  City. 

Mine  Car  Hitchings  (See  Hitchlngs.  Mine  Csr). 

Molybdate  of  Ammonia 

Primos  Chemical  Co..  Primos,  Pa. 

Molybdate  of  Calcium 

Primos  Chemical  Co.,  Primoa,  Pa. 

Molybdate  of  Soda 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdenum  Metal 

Primos  Chemical  Co.,  Primes,  Pa. 

Molybdenum  Ore,  Buyers  of 

Primos  Chenucal  Co.,  Primos,  Pa. 

Molybdic  Acid 

Primos  Chemical  Co.,  Primos,  Pa. 

Motors,  Electric 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee.  Wii. 
General  Electric  Co.,  Schenectady.  N.  Y. 
Mine  and  Smelter  Supply  Co..  42  Brosdvay. 

New  York  City. 
Westinghouse   Electric   St   Mfg.   Co..  BiH 

Pituburgh,  Pa. 

MufBes 

Mine  and  Smelter  Supply  Co.,  42  Brosdvsy. 
New  York  City. 


Ore-Bedding  Systems 

Robins  Conveying  Belt  Co..  Park  Row  BMch 
New  York  City. 

Ore  Handling  Machinery 

Jeffrey  Mfg.  Co..  002  N.  4th  St.,  ColuislMa 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  BUf.. 

New  York  City. 

Ore  Milling  Maehineiy 

Colorado  Iron  Worics  Co.,  DenTer.  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Brcadw. 

New  York  City.  ^     , 

Worthington   Pump   St  Machinery  Corps-* 

116  Broadway.  New  York  City. 

Ores,  Bayers  and  Sellers  of 

Beer.    Sondheimer   St   Co.,    61    Brosdvtf. 

New  York  aty. 
Vogelstein  St  Co.,  Inc.,  L.,  42  BrcadW* 
New  York  City. 
Ozy-Acetylene  Apparatus 

Madeod  Co.,  Bogen  St.,  CIneinnatf.  Ohia 

Packings,  Steam 

Johns-Manville   Co.,  H.  W..  206  MmHim 

Ave.,  New  York  City. 
Goodrich  Rubber  Co.,  B.  F..  Akron,  0. 

Painting  Machines  . 

Madeod  Co.,  Bogen  St.,  Cincinnati,  Osia 

Pipe  Insulations 

Johns-Manville    Co.,  H.  W.,  206 
Ave.,  New  York  City. 

Plate  Metal  Work  «     .-. 

Holmes  St  Bros.,  Inc.,  Robt..  80  N.  HasriBU 
DanviUe,  lU. 

Platinum  Wire.  FoU  h  Wara  ^  ^  -. 

Heil  Chemical  Co.,  Henry,  210-214  a  4*  «• 
St.  Louis,  Mo. 
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Bulletin  of  the 

American   Institute  of 

Mining  Engineers 


HE  BULLETIN  of  the  American  Institute  of 
Mining  Engineers,  the  official  publication  of  the 
Institute,  is  published  monthly  and  averages  260 
pages  each  issue. 

It  contains  the  first  publication  of  the  professional  and 
technical  papers  of  the  Institute,  notices  and  reports  of  meet- 
ings, timely  reports  of  the  activities  of  Engineers  in  general, 
especially  in  connection  with  governmental  work,  accessions 
of  books  to  the  Library,  and  other  current  news  and  technical 
material  of  interest  in  connection  with  mining  and  metallur- 
gical operations. 

The  circulation  of  each  issue  of  the  Bulletin  averages  7000 
copies,  including  the  entire  membership  of  the  Institute.  This 
distribution  may  be  justly  regarded  as  a  preferred  list  of  the 
leading  Mining  Engineers;  Mine  Managers;  Superintendents; 
Managers  of  ore  and  coal  dressing  mills,  and  of  smelting  and  re- 
fining plants;  Operating  Executives  of  steel,  copper,  and  other 
metal  plants;  Metallurgists;  Mining  Geologists;  and  others 
prominently  identified  with  the  entire  range  of  mining  and 
the  refining  of  all  varieties  of  mine  products. 

The  Bulletin,  aside  from  its  position  as  the  official  organ  of 
the  Institute,  has  a  special  field  of  service  in  that  it  is  the  only 
periodical  in  America  which  covers  all  phases  of  mining  activi- 
ties— metals,  both  ferrous  and  non-ferrous;  coal;  non-metallic 
minerals,  etc.  This,  combined  with  the  distinctive  character 
of  its  circulation  and  the  purchasing  power  of  its  readers  makes 
the  Bulletin  an  exceptionally  effective  medium  in  which  to  ad- 
vertise mining  and  metallurgical  equipment  and  supplies. 


American  Institute  of  Mining  Engineers 


29  West  39th  Street, 


New  York,  N.  Y. 
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Powder,  BUstiiig 

Du  Pont  de  Nemoun  A  Co.,  E.  I.,  Wilming- 
ton. Del. 

Powderod  Coal  Bquipment 

Fuller-Lehigh  Co.,  Fullerton.  Pe. 

Power  Transmission  Mecliinery 

Jeffrey  Mfg.  Co.,  002  N.  4tli  St.,  Columbus, 

Ohio. 
Trsylor  Engineering  A  Mfg.  Co.,  AUentown, 

Pa 

Presses,  Filter 

Wortliington  Pump  A   Machinery  Corp'n.. 
116  Broadway,  New  York  City. 

Piilleys,  Magnetic 

Buchanan  Co.,  C.  G..  90  West  St.,  New  York 
City. 

Pulverizer  Parts 

American  Manganese  Steel  Co.,  McCormiok 
Bldg.,  Chicago.  III. 

PttlTerizers 

Heil  Chemical  Co.,  Henry.  210-214  S.  4th  St., 
St.  Louis,  Mo. 

PuWerizers,  Coal  and  Coke 

FuUer-Lehigh  Co.,  Fullerton,  Pa. 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 

Ohio. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown. 

Pa 

PulTorizera.  Ore 

FuUex^Lehigh  Co.,  Fullerton,  Pa. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump   &  Machinery  Corp'n., 

115  Broadway,  New  York  City. 

Pumps,  Acid 

Worthington   Pump   A,   Machinery  Corp'n., 

116  Broadway,  New  York  aty. 

Pumps,  Centrifugal 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Worthington  Pump  A   Machinery  Corp'n.. 
116  Broadway.  New  York  City. 

Pamps,  Hydraulic  Pressure 

Worthington   Pump   A   Machinery  Corp'n., 
115  Broadway,  New  York  City. 


lery 
,111. 


Pumps.  Pneumatic  Air  Lift 
Sullivan 
Are.,  < 

Pumps,  Powfl 

Worthini 

115  Br 

PumpSj  Sand 


ips.  F 

Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago 

Pumps,  Power 


orthington  Pump  A   Machinery  Corp'n., 


imp 

.  n; 


115  Broadway,  New  York  City. 


Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown. 

Pa 


orthington   Pump   A   Machinery  Corp'n., 
115  Broadway.  New  York  City. 

Pumps,  Stuff 

Worthington   Pump   A   Machinery  Corp'n., 
115  Broadway,  New  York  City. 

Pnmps,  Track 

Worthington   Pump   A    Machinery  Corp'n.. 
115  Broadway,  New  York  City. 


Pumps,  Sinking 
W 

'?? 

Pyrometers 

Heil  Chemical  Co.,  Henry,  210-214  8.  4th  St., 
St.  Louis,  Mo. 

Quarrying  Machinery 

Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  111. 

Quicksilver 

Beer.    Sondheimer    A    Co..    01    Broadway. 
New  York  City. 


Refractories 

Harbiffon-Walker  Refractories  Co.,  Farmen' 
Bank  Bldg.,  PitUburgh.  Pa 
Respirators 

Goodrich  Rubber  Co..  B.  F..  Akron.  O. 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St. 
St.  Louis,  Mo. 

Revolving  Screen  Parts 

American  Manganese  Steel  Co.,  McCormiek 
Bldg..  Chicago.  HI. 

Rock  Drill  Steel  (See  Steel,  Driin 

Rods,  Drill 

Colonial  Steel  Co..   Keystone   Bldg..  PitU- 
burgh. Pa 
International  High  Speed  Steel  Co.,  99  Nae> 
sau  rtt.,  New  York,  N.  V. 

Roller  Mill  Parts 

American  Manganese  Steel  Co.,  McCormidc 

Bldg..  Chicago.  111. 
Rolls,  Crushing 

Buchanan  Co.,  C.  G.,  90  West  St.,  New  York 

City. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus, 

Ohio. 
Traylor  Engineering  A  Mfg.  Co..  Allentown, 

Pa. 
Worthington  Pump  A  Machinery  Corp's., 

115  Broadway,  New  York  City. 

Roofings,  Asbestos  and  Rubber-type 

Johns-Manville    Co.,    H.  W..  290  Madisos 
Ave.,  New  York  City. 

Rope,  Wire 

Leschen  A  Sons  Rope  Co.,  A..  920  N.  1st  St., 

St.  Louis,  Mo. 
Maoomber  A  Whyte  Rope  Co..  Kenosha.  Wk. 
Roebling's  Sons  Co.,  Jonn  A.,  Trenton,  N.  J. 

Rope  Fastenings,  Wire 

Maoomber  A  Whyte  Rope  Co..  Kenosha,  Wis. 
Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Rubber  Goods,  Mechanical 

Goodrich  Rubber  Co.,  B.  F..  Akron,  O. 

Samplera,  Ore 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentowa 

Pa. 
Worthington    Pump  A  Machinery  Corp'n.. 

115  Broadway,  New  York  City. 

Scorifiers 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th 
St.,  St.  Louis,  Mo. 

Screens.  Bar 

Holmes  A  Bros..  Inc.,  Robt.,  30  N.  Basel  St., 
Danville.  111. 

Screens,  Perforated  Metal 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus, 

Ohio. 
Screens,  Revolving 

Buchanan  Co.,  C.  G.,  90  West  St..  New  York 

City. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg.. 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown. 

Pa. 
Worthington   Pump  A  Machinery  Corp  a., 

115  Broadv 
Screens.  Shaking 


imp 
,  Ne 


115  Broadway,  New  York  City. 


Hofmes  A  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St., 

Danville.  111. 
Separators,  Magnetic  .    . 

Buchanan  Co.,  C.  G.,  90  West  St.,  New  York 

City. 

Shaft  Sinking  and  Development  Work 

Longyear   Co.,    E.   J.,   710  Security  Bldg., 
Minneapolis,  Minn. 
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Sharpeners,  Drill 

Denrer  Rook  Drill  Mfg.  Co.,  Denver,  Colo. 
SulliTan  Maohinerv  Co..  122  So.  Miehigan 
Ave..  Chicago,  III. 

SlUca  Brick 

Harbison- Walker  Refractories  Co.,  Farmers' 
Bank  Bldg..  PitUburgh.  Pa. 

sup  Hoists  (See  Hoists,  Skip) 

Slings,  Wire  Rope 

Maeomber  A  Whyto  Rope  Co.,  Kenosha, Wis. 
Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Smelters 

Beer.    Sondheimer    St    Co.,    61    Broadway, 

New  York  City. 
Vogelstein   &  Co.,   Inc.,  L.,  42   Broadway, 

New  York  City. 

Smeltittg  Machinery 

Allis-Chalmers  Mtii.  Co..  Milwaukee.  Wie. 
Colorado  Iron  Works  Co.,  Denver.  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 
Worthington   Pump  ft  Machinery  Corp'n., 

115  Broadway.  New  York  City. 

Soda  Ash 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis.  Mo. 

Spelter 

Illinois  Zinc  Co.,  Peru,  III. 

Spieceleisen 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Sprockets 

American  Manganese  Steel  Co.,  McCormick 
Bldg..  Chicago.  III. 

Stamp  Mill  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg..  Chicago,  III. 

Stael,  Crucible 

Colonial  Steel   Co.,   Keystone  Bldg.,  Pitts- 
burgh, Pa. 

Steel,  Drill,  Hollow  and  Solid 

Colonial  Steel  Co.,   Keystone   Bldg.,.  Pitts- 
burgh, Pa. 
D«»nv*»r  Hook  Drill  Mfg   Co.,  Denver.  Colo. 
International   High   Rpoed  Steel  Co.,  00  Nas- 
sau St.,  New  York.  N.  Y. 
Sullivan   Machinory  Co..   122  So.  Michigan 
Ave..  Chicago,  III. 

Steel,  Tool 

Colonial  Steel  Co.,   Keystone   Bldg.,   Pitts- 

burirh.  Ps 
International  High  Speed  Steel  Co.,  00  Nas- 
sau St.,  New  York,  N.  Y. 

Stokers 

Westinghouse    Electric    ft    Mfg.    Co.,    East 
Pittsburgh,  Pa. 

Switchboards 

General  Electric  Co.,  Schenectady,  N.  Y. 
Westinghouse    Electric    ft    Mfg.    Co.,    East 
Pittsburgh.  Pa. 

Tables,  Concentrating  (See  Concentrators) 

Test  Lead 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Thawers.  Switch 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Thermometers 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Thickeners,  Slime 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Dorr  Co.,  Denver,  Colo. 

Tipple  Machinery  Equipment 

Jeffrey  Mfg.  Co.,  002  N   4th  St.,  Columbus, 
Ohio. 

Torches,  Cutting  and  Welding 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 


Towers  and  Bridges,  StockJng  and  Refttoimjng 

sying 
New  York  City. 


Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 


Of  ai 
Co.. 


Tramways,  Wire  Rope,  Aerial 

Lesohen  ft  Sons  Rope  Co.,  A.,  020  N.  1st  St., 

St.  Louis,  Mo. 
Maeomber  ft  Whyte  Rope  Co..  Kenosha,  Wb. 
Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Transformers,  Blectric 

General  Electric  Co.,  Scheneotady,  N.  Y. 
Westinghouse   Eleotrio  ft   Mfg.   Co.,   Bast 
PitUburgh.  Pa. 

Traps,  Steam 

Johns-ManviUe    Co.,    H.  W.,  200  Madison 
Ave.,  New  York  City. 

Tunntate  of  Ammonia 

Primos  Chemical  Co.,  Primes,  Pa. 

Tungstate  of  Soda 

Primos  Chemical  Co.,  Primos,  Pa. 

Tungsten  Metal 

Lavino  and  Co.,  E.  J.,  BuIUtt  Bldg.,  PhUa- 

delphia,  Pa. 
Primos  Chemical  Co.,  Primos,  Pa. 

Tungsten  Ore 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Tungsten  Ore,  Buyers  of 

Primos  Chemical  Co.,  Primos,  Pa. 

Tungstic  Acid 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  PhUa- 

delphia,  Pa. 
Primoe  Chemical  Co.,  Primos,  Pa. 

Turbines,  Hydraulic 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Turbines,  Steam 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

General  Electric  Co.,  Schenectady,  N.  Y. 

Westinghouse    Eleotrio   ft    Mfg.    Co.,    East 
PitUburgh,  Pa. 

Valves,  Pump 

Goodrich  Rubber  Co.,  B.  F..  Akron,  O. 

Vanadate  of  Ammonia 

Primos  Chemical  Co.,  Primos,  Pa. 

Vanadic  Acid 

Primos  Chemical  Co.,  Primos,  Pa. 

Vanadium  Chloride 

Primos  Chemical  Co.,  Primos,  Pa. 

Vanadium  Ore,  Buyers  of 

Primos  Chemical  Co.,  Primos,  Pa. 

Ventilating  Fans  (See  Fans,  Ventilating) 

Wagon  Loaders 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 

Weigh  Hoppers  (Soe  Hoppers,  Weigh) 

Wheels 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  III. 

Wheels,  Mine  Car 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 

Wire,  Iron,  Steel  and  Copper 

Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Wire  Mechanism  (Lever  Control) 

Gwilliam  Co.,  253  W.  58th  St..  New  York 
City. 

Wire  Rope  (See  Rope,  Wire) 

Wires  and  Cables,  Electrical 

Gpneral  Electric  Co.,  Schenectady,  N.  Y. 
Goodrich  Rubber  Co.,  B   F.,  Akron,  O. 
.   Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Zinc  Dust 

Vogelstein   ft   Co.,   Inc.,   L.,   42   Broadway, 
New  York  City. 

Zinc  Sheet 

Illinois  Zinc  Co.,  Peru,  111. 
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Paoi 
Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis '. * 

PRODUCTS:  Mining  Machinery  of  Every  Type.  Complete  Power  and  Electrical  Equip- 
ments. 

American  Manganese  Steel  Co.,  McCormick  Building,  Chicago,  HI 29 

PRODUCTS:  CastingB  for  Mining  Machinery  Parts. 

Beer,  Sondheimer  ft  Co.,  Inc.,  61  Broadway,  New  York * 

PRODUCTS:  Buyers,  Smelters  and  Re6ners  of  Ores  and  Metals  of  all  classes. 

Bemis  Bro.  Bag  Co.,  65  Poplar  St.,  St.  Louis * 

PRODUCTS:  Canvas  Tubing  for  Air  Systems  in  Mines. 

Buchanan  Co.,  C.  G.,  90  West  St.,  New  York  City • 

PRODUCTS:  Crushing  and  Magnetic  Concentrating  Plants  Complete  in  AH  Details.  Rock 
and  Ore  Crushers,  Crushing  Rolls,  Magnetic  Separators,  Revolving  screens.  Bucket  Elevators, 
Ore  Feeders. 

Colonial  Steel  Co.,  Pittsburgh,  Pa 13 

PRODUCTS:  Drill  Steel.  Tool  Steel.  Crucible  and  High  Grade  Open  Hearth  Steel. 

Colorado  Iron  Works  Co.,  Denver,  Colo Inside  Front  Cover 

PRODUCTS:  Complete  Equipment  for  Cyanide  and  Concentrating  Mills  and  Smelting  Plants. 

Deister  Concentrator  Co.,  Ft.  Wayne,  Ind * 

PRODUCTS:  Deister.  Overstrom  and  Deister-Overstrom  Tables  in  either  Single  or  Double 
Deck  Types. 

Denver  Rock  DrOl  Mfg.  Co.,  Denver,  Colo * 

PRODUCTS:  Air  and  Electric  Rock  Drills.  Drill  Sharpeners.  Manufacturers  of  "Waugh" 
and  "Denver"  Drills. 

Derby,  Jr.,  B.  L.,  Agent,  Ishpeming,  Mich * 

PRODUCTS:  The  Mass  Drill  Hole  Compass  for  determining  direction  and  dip. 

Dorr  Co.,  Denver,  Colo 31 

PRODUCTS:  Machinery  in  use  for  Cyanidin^;.  Wet  Gravity  Concentration,  Flotation, 
Leaching  Copper  Ores  and  many  non-metallurgical  industrial  processes. 

Du  Pont  de  Nemours  &  Co.,  E.  L,  Wilmington,  Del 9 

PRODUCTS:  Explosives,  Blasting  Powder,  Dynamite,  etc. 

Flory  Mfg.  Co.,  S.,  Bangor,  Pa • 

PRODUCTS:  Mine  and  Contractors*  Hoists,  Cableways,  Capstans,  Winches.  Manne 
Railway  Hoists,  etc. 

Puller-Lehigh  Co.,  Fullerton,  Pa. 27 

PRODUCTS:  The  Fuller-Lehigh  Pulveriser  Mill,  Cement  Mill  Machinery.  Powdered  Coal 
Equipment,  Gyratory  Crushers,  Roll  Crushers,  Rotary  Dryers,  Car  Wheels  and  Axles, 
Chemical  Castings,  Charcoal  Iron  Castings,  ChiUed  Castings. 

General  Electric  Co.,  Schenectady,  N.  Y Outside  Back  Cover 

PRODUCTS :  Electric  Mine  Locomotives.     Electric  Motors  for  Oi>erating  Mining  Machinery. 

Goodman  Mfg.  Co.,  Chicago,  111 21 

PRODUCTS:  Electric  and  Air  Power  Coal  Cutters.  Electric  Mine  Locomotives.  Power 
Plants. 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O Inside  Back  Cover 

PRODUCTS:  Goodrich  "Longlife,"  "Dredge,"  Vanner,  Take-off  and  Magnetic  Separator 
Conveyor  Belts. 

©wiUiam  Co.,  253  West  58th  St.,  New  York  City • 

PRODUCTS:  Ball  and  Roller  Bearings.  The  Bowdon  Patent  Wire  Mechanism  for  the 
Transmission  of  Reciprocating  Motion  Through  a  Flexible  and  Tortuous  Route. 

Harbison -Walker  Refractories  Co.,  Pittsburg,  Penna. * 

PRODUCTS:  Refractories  for  Blast  Furnace  and  the  Open  Hearth,  Electrical  Fumaees, 
Copper  Smelting  Plants.  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes  and  Dross  Furnaees, 
Alloy  Furnaces,  as  well  as  all  other  types  in  use  in  the  various  metallurgical  processes. 

Hefl  Chemical  Co.,  Henry,  210-214  S.  4th.  St.,  St.  Louis,  Mo •. 

PRODUCTS:  Chemicals  and  Chemical  Apparatus.  Supplies  for  Mines,  Smelters,  Imn 
and  Steel  Works,  Schools,  Colleges,  and  Universities. 

Holmes  &  Bros.,  Inc.,  Robt,  30  N.  Hazel  St.,  Danville,  111 15 

PRODUCTS:  Engineers,  Founders,  Machinists  and  Boiler  Makers.  ^Builders  of  Hoisting 
and  Haulage  Engines,  iShake  Screens  and  Weigh  Hoppers,  Self  Dumping  Cages  and  Empty 
Car  Lifts,  Mill  and  Mine  Supplies. 

*  Advertisement  does  not  appear  in  this  issue,  but  products  are  listed  in  ClassiSed  List  of  Miaiag 
and  Metallurgical  Equipment. 
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niinois  Zinc  Co.,  Peru,  Dl * 

PRODUCTS:  Spelter.  Sheet  Zino  and  Sulphuric  Acid. 

Intemational  High  Speed  Steel  Co.,  99  Nassau  St.,  New  York  City 7 

PRODUCTS:  Drill  Steel.  Tool  Steel,  DriU  Roda. 

Jeffrey  Mfg.  Co.,  002  N.  Fourth  St.,  Columbus,  O * 

PRODUCTS:  Electric  Coal  Cutten  and  Drills;  Electric  and  Storage  Battery  Locomotives; 
Coal  Tipple  Machinery  including  Elevators,  Conveyors,  Picking  Tables  and  Loading  Booms, 
Car  Haub.  Car  Dumps,  Screens.  Crushers,  Pulverisers,  Fans,  Hoists,  etc. 

Johu-Muiyine  Co.,  H.  W.,  New  Yorlc  aty 33 

PRODUCTS:  Asbestos  and  Rubber-type  Roofings,  Roof  Coating,  Steam  Packings.  Pipe 
Insulations.  Cements,  Brake  Lining  and  Brake  Blocks.  Steam  Traps,  Third  Rail  Insulators, 
Mine  Hangers,  Moulded  Mica  Weatherproof  Sockets,  Electrical  Tapes  and  Fuses. 

LtTino  &  Co.,  B.  J.,  Bullitt  Bldg.,  Philadelphia,  Pa * 

PRODUCTS:  Ores:  Manganese,  Chrome,  Iron,  etc.    Ferro  Alloys  and  Metals.     Pig  Iron. 

Leschen  &  Sons  Rope  Co.,  iL,  St.  Louis,  Mo * 

PRODUCTS:  Wire  Rope  for  all  purposes,  including  Hercules  Red  Strand  Wire  Rope,  and 
Wire  Ropee  of  Patent  Flattened  Strand  and  Locked  Coil  constructions.  Aerial  Wire  Rope 
Tramways  for  economical  transportation  of  material. 

Longyear  Co.,  B.  J.,  710  Security  Bldg.,  Minneapolis,  Minn 11 

PRODUCTS:  Contract  Diamond  Drilling,  Manufacture  of  Diamond  Drills  and  Supplies, 
Shaft  Sinking  and  Development  Work,  Geological  Department. 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio 

PRODUCTS:  Ozy-Acetylene  Cutting  A  Welding  Apparatus  for  mine  repairVork,  also  port- 
able oil  burners  for  same  purpose,  metallurgical  furnaces,  carbide  lights,  ana  sand  blast  outfits. 

Macomber  &  Whyte  Rope  Co.,  Kenosha,  Wis 

PRODUCTS:  Monarch  Whvte  Strand  Wire  Rope.  Patent  Kilindo  Non-Rotatinj;  Wire  Rope. 
Wire  Rope  of  all  Grades  and  ConstruoUons.     Patent  Monarch  Mine  Car  Hitohings. 

Mine  &  Smelter  Supply  Co.,  42  Broadway,  New  York  City 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

Primes  Chemical  Co.,  Primos,  Pa 

PRODUCTS:  Molybdenum,  Tungsten  and  Vanadium  Products.  Buyers  of  Molybdenum, 
Tungsten  and  Vanadium  Ores. 

Robfais  Conveying  Belt  Co.,  Park  Row  Bldg.,  New  York  City 

PRODUCTS:  Belt  Conveyors,  Bucket  Elevators.  Ore  Bedding  Systems,  Unloading,  Stocking 
and  Reclaiming  Towers  and  Bridges,  Conveyor  Auxiliaries. 

Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J 5 

PRODUCTS:  Wire  Rope  for  Mining  Work.  Stock  shipments  from  agencies  and  branches 
throughout  the  country. 

Roessler  &  Hasslacher  Chemical  Co.,  100  William  St.,  New  York * 

PRODUCTS:  Cyanide  of  Sodium  and  Other  Chemicals  for  Mining  Purposes. 

SvOivan  Machinery  Co.,  122  S.  Michigan  Ave.,  Chicago,  111 42 

PRODUCTS:  Coal  Pick  Machines,  Air  Compressors.  Diamond  Core  Drills,  Rock  Drills,  Ham- 
mer Drills,  Mine  Hoists,  Chain  Cutter,  Bar  Machines,  Fans. 

Trmylor  Engineering  A  Mfg.  Co.,  Allentown,  Pa 23 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

Vogelstein  ft  Co.,  Inc.,  L.,  42  Broadway,  New  York * 

PRODUCTS:  Buyers,  Smelters  and  Refiners  of  Ores  and  Metals  of  all  classes. 

Voican  Iron  Works,  Wilkes-Barre,  Pa 17 

PRODUCTS:  Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoisting  and  Haulage  Engines, 
Mining  Machinery,  etc.     Nicholson  Device  for  Prevention  of  Overwinding. 

Wedge  Mechanical  Furnace  Co.,  Greenwich  Point,  Philadelphia,  Pa * 

PRODUCTS:  The  Wedge  Mechanical  Roasting  Furnace  (Patented). 

Westinghouse  Blectric  ft  Mfg.  Co.,  East  Pittsburgh,  Pa * 

PRODUCTS:  The  Baldwin-Westinghouse  Electric  Mine  Locomotives.  Electrical  Machin- 
ery: Turbines,  Generators,  Motors,  etc. 

Wood  Bquipment  Co.,  McCormick  Bldg.,  Chicago,  111 19 

PRODUCTS:  The  Pneumatic  Rotary  Dump  (Wood  and  Ramsay  Patents).  Adaptable  to 
aH  mining  conditions — old  or  new  operations. 

Wbrfhlngton  Pump  and  Machinery  Corp'n,  115  Broadway,  New  York 25 

PRODUCTS:  Laidlaw   Feather  Valve   Air   Compressors,   Direct   Acting  and  Centrifugal 
Pumps,  Power  Pumpe^^  Rock  and  Ore  Crushers.  Crushing  Rolls,  Tube  Mills,  Converters, 
^oodbu 


Woodbury  Jigs,  Snow  Oil  Engines. 


*  Advertisement  does  not  appear  in  this  issue,  but  products  are  listed  in  Classified  List  of  Mining 
and  Metallurgical  Equipment. 
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GOODRICH 

Industry's  War 

Belt 

THE  demand  for  reliable  Transmis- 
sion Belting  has  reached  tremen- 
dous proportions  since  the  beginning  of 
the  war.  The  wear  and  tear  and  long 
grind  is  "showing  up"  weak  belts  and 
fevoring  the  strong,  husky  ones. 

We  know  that  our  "CX)MMANDER" 
Transmission  Belt  is  in  growing  de- 
mand because  the  great  volume  of 
orders  tells  us  so. 

In  fact,  we  are  just  a  little  bit  prone  to 
believe  that  ''COMMANDER"  is  in 
special  demand  for  the  reason— as  users 
will  tell  you— that  you  can't  get  a 
Transmission  Belt  for  favor  or  money 
that  will  do  more— longer— than  "COM- 
MANDER." 

Try  it  on  your  hardeBt  drive 
It  will  satisfy  you 


THE  B.F.GODDRICH  RUBBER  CONPAHY 

Maksn  of  the  Celebrated  Goodrich  Automobile  Tires— 
"Bm»i  in  tAe  Long  Run" 

The  City  of  Goodrich- AKRON,  OHIO 


"COMMANDER" 

TRANSMISSION  BELT 


.  I' 
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UNITY  OF  PURPOSE  AND  SERVICE 

To  the  members  of  the  A.  I.  M.  E.,  who  have  given  much  and  risked 
all  to  fight  "Over  There"  with  pick,  or  gun,  or  brain,  and  to  the  members 
who  have  chosen  the  sometimes  more  self-denying  duty  of  remaining 
at  home  to  help  produce  metals  for  fighters: 

Your  experience  in  foreign  lands  has  bred  in  you  that  spirit  of  inter- 
nationalism which  will  soon  be  infused  into  every  comer  of  our  country 
by  virile  lads  thrilling  from  a  great  experience  in  an  old,  yet  new,  landxover 
the  seas.  To  them  the  East  will  not  seem  as  far  from  the  West  as  it  was, 
nor  the  North  from  the  South.  Sectional  jealousies  will  seem  despicable 
to  one  who  has  fought  for  a  great  ideal  shoulder  to  shoulder  with  real 
men  of  other  nations.  And  they  who  have  willingly  sacrificed  much  on 
the  altar  of  service  will  have  little  patience  with  an  egotist,  be  he  laborer, 
tradesman,  capitalist  or  engineer. 

The  problems  which  peace  brings  to  us  are  more  difficult  than  those 
of  war  and  their  solution  requires  not  only  cool  heads,  tolerance,  and  wise 
judgment,  but  the  "getting  together"  of  sections  and  classes  and  indi- 
viduals. The  triumph  of  justice  over  individualism,  represented  by  the 
draft  law,  must  be  repeated,  for  there  are  ''slackers"  in  peace  as  well  as 
in  war,  and  the  spirit  of  self-denial  expressed  in  response  to  Liberty 
Loans,  Red  Cross,  and  Welfare  drives  and  Food  Administration  appeals 
must  live.    We  have  only  just  begun  to  learn  how  to  serve. 

It  is  often  claimed  by  our  members  that  the  engineer  is  not  given,  in 
the  community  at  large,  the  recognition  which  his  training  should  merit; 
that  his  reward  is  not  as  great  nor  his  service  as  welcome  as  it  should  be. 
Public  service  is  generally  assumed  to  be  a  logical  activity  for  a  lawyer, 

•  •  • 
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a  banker,  a  tradesman,  etc.,  but  the  problems  peace  now  brings  can  best 
be  solved  by  the  engineer.  Many  have  done  great  service  during  the  war 
because  they  grasped  the  first  opportunity.  They  did  not  wait  to  learn 
whether  the  honor  or  reward  attached  to  it  was  "  good  enough"  for  them. 
Other  engineers,  at  the  end  of  the  war  are  still  waiting  for  an  offer  they 
are  willing  to  accept.  But  there  is  work  enough  for  all  in  the  time  of 
reconstruction  and  readjustment  and  we  shall  find  it  in  proportion  to 
our  true  wiUingness  to  serve  generously,  but  our  perseverance  may  be 
taxed  harder  than  that  of  classes  of  citizens  who  have  been  identified 
longer  with  pubUc  work.  Among  these  problems  is  the  very  difficult 
readjustment  that  must  take  place  in  the  relations  between  capital 
and  labor.  The  engineer  is  not  of  either  class  but  deals  intimately  with 
both.  Who  is  better  able  to  educate  labor  to  understand  the  problems 
of  the  capitaUst  or  to  correct  in  the  mind  of  the  capitaUst  misconceptions 
as  to  the  aspirations  and  needs  of  the  laborer?  Also,  there  are  problems 
incident  to  the  future  relative  importance  of  competition  and  cooperation 
in  industry;  of  the  disposition  of  the  railroads,  and  many  others  which 
will  readily  occur  to  all  engineers.  A  genuine  desire  to  serve  will  bring 
us  all  together  and  then  we  shall  be  better  able  to  help  solye  the  problems 
that  will  arise  in  every  community. 


.  REPORT  OF  THE  NOMINATING  COMMITTEE 

The  report  of  the  Nominating  Committee,  presented  at  the  meeting 
of  the  Board  of  Directors  on  Oct.  25,  1918,  is  as  follows: 

District 
For  President: 

Horace  V.  Winchell,  Minneapolis,  Minn.  4 

For  Vice-Presidents: 

Edwin  Ludlow,  Lansford,  Pa.  2 

A.  R.  Ledoux*  New  York,  N.  Y.  0 

For  Directors: 

J.  V.  W.  Reynders,  New  York,  N.  Y.  0 

George  D.  Barron,  Rye,  N.  Y.  0 

Charles  F.  Rand,  New  York,  N.  Y.  0 

Louis  S.  Gates,  Ray,  Ariz.  7 

Stanley  A.  Easton,  Kellogg, .  Ida.  5 

Signed  R.  V.  Norris,  Chairman, 
Walter  H.  Aldridge, 
D.  W.  Brunton, 
Walter  Douglas, 
A.  G.  Lane, 
G.  H.  Mac  Do  well, 
G.  W.  Whitley. 


1919  DUES 

*  In  accordance  with  the  provision  of  the  Constitution,  notice  is  here 
given  to  all  Members,  Associates,  and  Junior  Associates,  that  the  dues 
of  the  year  1919  will  be  payable  on  Jan.  1,  1919,  at  the  office  of  the  Secre- 
tary. The  dues  for  Members  and  Associates  are  $12  per  year  and  the  sum 
of  $2  additional  is  asked  of  those  Members  and  Associates  who  desire  to 
have  the  two  volumes  bound  in  the  Institute's  standard  binding. 
The  dues  of  Junior  Associates  are  $5  per  year. 
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TRANSACTIONS  WANTED 

The  Institute's  stock  of  Volumes  XXXI,  LI,  and  LII  has  become 
much  reduced  by  sales.  If  members  have  copies  of  these  volumes 
which  they  can  spare,  the  price  of  S3  per  volume  will  be  paid  for  them, 
if  in  good  condition.  If  desired,  a  copy  of  the  Index  for  Volumes  XXXVI 
to  LV  will  be  given  for  one  of  these  volumes  of  the  Transactions  and  one 
dollar  additional.  For  two  volumes  of  the  Transactions,  a  copy  of  the 
Index  will  be  sent  and  the  balance  will  be  credited  to  the  pa3anent  of  dues. 


VOL.  LIX 


Vol.  LIX  will  be  shipped  during  December  to  all  Members  whose 
1918  dues  are  paid  on  or  before  Nov.  15. 


NEW  YORK  MEETING,  FEB.  17  to  20,  1919 

The  program  for  the  Annual  Meeting  to  be  held  in  New  York,  Feb.  17 
to  20,  1919,  inclusive,  has  been  nearly  completed.  Besides  the  usual 
meetings  for  the  reading  of  technical  papers,  the  social  features  are  being 
given  special  attention.    They  will  probably  embody  the  following: 

On  Monday  evening,  a  lecture  by  one  of  our  fighting  airplane  pilots, 
to  be  illustrated  by  lantern  slides  and  moving  pictures.  To  this  enter- 
tainment the  ladies  will  be  invited,  as  well  as  members.  On  Tuesday 
evening,  a  Smoker  b,\  which  some  very  startling  features  are  promised 
for  the  entertainment  of  members.  On  Wednesday  evening,  the  usual 
banquet,  at  which  it  is  hoped  to  have  some  very  interesting  speakers. 

The  usual  luncheons  will  be  served  in  the  Engineering  Building  and 
other  features  will  be  offered  for  the  entertainment  of  the  ladies  during  the 
day.  No  definite  plans  for  the  Thursday  excursion  have  yet  been  formu- 
lated, though  it  is  probable  that  something  interesting  will  be  offered  the 
members. 

The  chairmen  and  personnel  of  the  various  committees  so  far  include: 

Arrangements — Allen  H.  Roqebs,  Chairman;  W.  S.  Dickson,  Secretary;  J.   E. 

Johnson,  Jb.;j  H.  C.  Farmelee;  F.  T.  Rubidge;  Forest  Rutherford;  F.  H. 

Ball. 
Finance — Gborqe  D.  Barron,  Chairman. 

Banquet — A.  C.  Ludlum,  Chairman;  F.  T.  Rubidge;  E.  B.  Sturgis. 
Luncheon — Forest  Rutherford,  Chairman;  E.  Maltby  Shipp. 
Evening  Entertainments — E.  P.  Mathewson,  Chairman;  Lawrence  Addicks;  J. 

Parke  Channing;  Lucius  W.  Mayer. 
Patriotic  Meeting — H.  C.  Parmelee,  Chairman, 


PROCEEDINGS  OF  THE  ONE  HUNDRED  EIGHTEENTH  MEET- 
ING OF  THE  INSTITUTE,  MILWAUKEE,  WIS. 

The  118th  meeting  of  the  Institute  was  under  the  auspices  of  the 
Institute  of  Metals  Division  and  the  Iron  and  Steel  Section,  and  was  held 
at  Milwaukee,  Wis.  The  opening  session  was  a  joint  meeting  with  the 
American  Foundrymen^s  Association  and  the  American  Malleable  Castings 
Association,  and  was  presided  over  by  Benjamin  D.  Fuller,  President 
of  the  American  Foundrymen's  Association.    At  this  time  Hon.  Emanuel 


vi  Monthly  Bulletin  No.  144,  December,  1918 

L.  Phillipp,  governor  of  Wisconsin,  welcomed  the  visitors  to  the  city. 
He  said:  You  will  find  the  people  of  Milwaukee  and  of  this  commonwealth 
hospitable  and  above  all  in  complete  S3niipathy  with  you  for  the  splendid 
work  you  are  doing,  and  although,  as  you  pass  through  the  great  shops 
of  the  city  some  one  may  answer  you  in  a  foreign  tongue,  we  are  aD 
Americans. 

.The  uppermost  thought  in  the  minds  of  the  American  people,  wherever 
they  may  assemble,  is  the  winning  of  the  great  world  war.  Without  that 
success,  there  might  be  no  furtlier  reason  why  we  should  meet:  someone 
else  might  tell  us  what  we  should  do.  But  we  have  progressed  far  enough 
in  that  struggle  to  begin  to  see  the  end  and  it  is  our  kind  of  an  end  that 
we  are  seeing.  In  the  name  of  hmnanity,  let  us  hope  that  that  end  will 
come  soon;  but  in  the  meantime  let  us  stand  firmly  together,  let  us  keep 
the  wheels  turning  until  the  last  gun  is  fired. 

Insomuch  as  there  is  every  reason  for  beUeving  that  the  war  cannot 
last  very  much  longer,  it  is  time  that  we  began  to  think  of  what  is  going 
to  happen  and  what  we  are  going  to  do  when  the  war  is  over.  I  take  a 
rather  optimistic  view  of  that  time.  I  appreciate  that  some  economic 
changes  will  come  to  us,  but  I  do  not  believe  that  the  business  of  the 
country  is  going  to  be  immediately  stagnated  or  that  in  the  immediate 
future,  at  least,  there  is  going  to  be  anything  like  a  paralysis  of  industries. 
There  is  so  much  in  waiting  that  must  be  done.  One  of  the  first  demands 
will  be  the  improvement  of  our  transportation  facilities.  The  great 
railroads  of  the  country  are  wearing  out,  because  it  is  impossible  to  secure 
the  labor  or  the  material  to  keep  them  in  proper  repair;  but  we  must  do 
more  than  merely  repair  them.  The  demand  is  going  to  come  for  cheaper 
transportation.  We  are  urging  the  young  men  to  go  upon  the  fanns. 
That  is  right  and  proper.  Agriculture  presents  the  very  best  field  for 
the  young  man  returning  from  military  service.  However,  the  farmers  of 
this  western  country  are  going  to  demand  better  prices  than  they  received 
before  the  war.  One  of  the  things  that  can  be  done  to  help  them  get 
better  prices  is  to  furnish  transportation  at  a  minimum  cost.  That 
will  necessitate  the  purchase  of  millions  of  tons  of  steel.  Not  only  must 
the  tracks  be  rebuilt  and  the  grades  cut  down,  but  the  equipment  of  the 
railroads  must  be  renewed  and  the  balance  of  the  road  rebuilt  to  meet 
the  demands  of  a  really  first-class  modern  raikoad.  Public  building  is 
being  delayed  until  we  can  better  spare  the  labor  and  the  material  than 
we  can  now.  So,  as  I  look  over  the  needs  of  the  country,  I  cannot  see 
why  there  should  be  any  business  depression  for  many  years  after  the 
war.  I  do  not  mean. to  say  that  war  prices  can  be  maintained;  perhaps 
they  ought  not  to  be.  Gradually  we  must  get  back  to  the  level  that  nor- 
mal times  can  support.  However,  the  prospect  for  the  future  is  not  so 
gloomy.  Europe  is  going  to  furnish  a  market  for  our  agricultural  products 
for  some  time  and  will  demand  our  manufactured  material.  Besides,  we 
are  creating  a  merchant  marine,  which  will  open  to  us  the  conmierce  of 
the  world. 

You  have  assembled  here  for  purposes  of  your  own  and,  as  the  Gov- 
ernor of  Wisconsin,  I  am  glad  you  came  to  us.  You  brought  to  us  your 
thoughts  and  new  ideas  in  manufacture,  in  the  particular  Une  in  which 
you  are  engaged,  and  we  may  be  able  to  give  you  some  information  which 
will  be  for  the  mutual  good.  Happen  what  will  now,  let  us  stand  to- 
gether as  one  great  cooperative  organization,  keep  the  wheels  going, 
and,  as  the  boys  sing,  "Keep  the  Home  Fires  Burning." 
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Secretary  Backert  introduced  the  following  communication  from 
a  former  president  of  the  Association: 

Capt.  R.  a.  Bull. — ^If  I  occupied  with  the  American  Expeditionary  Forces  a 
position  of  exposure  to  dangers  and  hardships,  or  if  I  performed  a  relatively  important 
function  in  the  military  organization  in  France.  I  would  hesitate  to  voice  my  senti- 
ments, which  in  either  case  might  be  mistaken  tor  self-praise. 

Many  things  must  be  done  oy  the  non-combatant  branches  of  the  American  army 
in  France,  back  of  the  battle  lines,  in  what  is  called  the  Service  of  SuppUes.  Those 
who  are  doing  this  work  make  no  pretensions  to  performing  the  tasks  of  heroes,  and 
feel  the  more  keenly  their  great  ooligations  to  their  comrades  at  the  front,  because 
of  their  own  assignments  in  the  rear.  Many  of  them  have  seen,  as  I  have,  what  a 
wreck  of  the  yet  living  bodv  can  be  made  by  the  enemy's  bullet,  shell,  bomb  and  gas: 
have  witnessed  the  fortitude  of  wounded  men  under  intense  suffering;  have  observed 
the  morale  of  our  soldiers  detained  for  treatment  in  the  rear,  keenly  anxious  to  return 
to  the  trenches  to  settle  the  score  with  Fritz.  Seeing  all  of  this,  and  realizing  how 
effectively  he  is  hitting  the  Boche  line,  my  respect  for  the  Yankee  fighting  man, 
whatever  may  be  his  rank,  is  supreme.  Man^^  of  the  youths  who  man  the  guns, 
who  carry  the  cold  steel  over  the  top,  who  bridge  the  streams  under  the  enemy's 
fire,  who  minister  to  the  wounded  where  they  fall,  are  your  own  kinsmen.  How 
proudly  you  must  bear  j^ourselves  in  the  knowledge  that  those  of  your  own  flesh 
and  blood  are  bearing  this  burden  1  And  if  i>erchance  those  whom  you  love  must 
make  the  supreme  sacrifice,  how  glorious  a  heritage  their  dauntless  courage  will  leave 
to  you! 

It  is  always  comforting  to  know  that  our  own  are  in  Kood  hands.  You  have  been 
informed  through  many  channels  that  the  American  soldier  in  France  is  well  cared 
for.  I  want  to  add  my  endorsement.  The  medical  corps  is  zealous  in  its  care  for 
the  sick  and  wounded,  and  in  sanitary  work.  The  strictest  attention  is  given  to 
drinkin^^  water.  Troops  quartered  in  barracks  are  housed  with  special  regard  for 
ventilation  and  cleanlmess.  In  the  camps  in  France  where  I  have  been  stationed 
there  are  excellent  bath  houses,  better  than  those  at  the  camp  in  the  states  where 
I  was  formerly  on  duty.'  The  Quartermaster  corps  is  rendering  very  efficient  service 
in  procuring  and  distributing  clothing  and  other  supplies.  In  most  locaUties^  and 
where  conditions  permit,  the  army  messes  have  the  most  wholesome  food,  in  hberal 
quantities,  well  prepared.  There  is  no  lack  of  sugar,  wheat  flour  or  meat  in  the 
American  Expeditionary  Force,  mainly  due,  as  we  reauze,  to  the  cheerful  self-denial 
of  the  folks  back  home.  Just  as  rapidly  as  our  troops  arrive  do  their  supplies  seem  to 
precede  them. 

The  American  Red  Cross  is  surpassing  all  its  magnificent  traditions.  It  is  found 
everywhere  in  France,  seeking  to  serve,  leaving  with  those  who  have  felt  its  influence, 
grateful  recollections  that  will  never  fade.  Its  chief  function  of  caring  for  those 
selected  by  fate  as  the  victims  of  the  enemy's  instruments  of  torture  and  suffering 
is  being  performed  with  the  greatest  skill  and  dispatch,  in  superb  defiance  of  danger 
to  those  who  minister.  The  inspiring  devotion  of  its  hard-working,  consecrated  men 
and  women  will  constitute  one  of  the  most  glorious  memories  of  this  conflict.  Linked 
as  its  activities  are  with  every  patriotic  home  in  America,  its  appeal  to  the  sentiment 
of  the  Yankee  in  France  makes  it  his  ideal  of  devoted  service  that  never  fails. 

The  needs  of  the  '*Arm^  Am^caine"  have  been  thoughtfully  considered  apart 
from  purely  physical  comforts.  At  the  convalescent  and  rest  camps  every  available 
means  is  supplied  for  cheerful,  wholesome  entertainment  and  recreation,  with  splendid 
effect  on  the  spirit  of  the  men.  Bv  long  odds  the  greatest  single  factor  in  maintaining, 
day  in  and  day  out,  the  morale  of  the  American  soldier  is  the  Y.  M.  C.  A.  There  is 
the  atmosphere  of  a  democratic  club,  the  resort  of  the  finest  type  of  man  that  has  been 
created — ^the  Yankee  buck  private. 

Tribute  has  been  paid  to  the  splendid  work  of  our  allies  countless  times.  After 
four  of  the  most  trying  years  through  which  any  nation  could  pass,  the  French  maintain 
their  poise  and  their  vigor  to  a  degree  that  is  amazing.  Unstinted  praise  is  demanded 
b;^  such  an  inspiring  demonstration.  The  British  soldier  is  entitled  to  our  admiration 
without  bounds.  He  has  been  a  complete  failure — as  his  own  press-agent.  As  a 
tenacious,  courageous  bull-dog  who  quietly  fights  on  until  he  or  his  adversary  is  done 
for,  he  merits  our  highest  esteem.  John  Bull's  allies  are  under  an  enormous  obligation 
to  these  reticent  chaps  who  went  quickly  from  the  British  Isles  and  Colonies  to  the 
rescue  of  Belgium  and  France,  and  who,  without  an^r  fuss,  have  been  doggedly  seeing 
the  thing  through.  Do  not  forget  the  debt  of  America  to  the  British  navy.  And  re- 
member that  the  British  empire  has  to  date  furnished  about  8H  millions  of  her 
very  best  men  to  save  democracy. 
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I  can  appropriately  testify  to  the  earnest  appreciation  of  the  men  in  the  American 
Expeditionary  Force  for  the  splendid  work  bemg  done  by  the  industrial  army  in  the 
states.  We  realize  that  millions  of  men  and  women  and  many  children  must  labor 
in  America  that  the  vast  numbers  of  her  sons  in  Europe  may  have  the  means  to  finish 
their  task  quickly.  And  we  resard  those  who  are  unceasingly  rendering  this  service 
at  home  and  who  are  best  qualified  for  it,  as  equal  in  devotion  to  duty  with  those 
who  wear  the  overseas  cap.  You  realize  that  every  moment  of  time  or  ounce  of 
energy  wasted  in  the  United  States  increases  the  casualty  lists  of  our  army.  Those 
who  are  going  through  Hell  for  you  and  me  are  confidently  looking  toward  America 
for  that  supreme  manifestation  of  speed  and  efficiency  of  which  her  people  are  capable. 
Being  near  to  but  not  of  these  heroes,  without  credentials  from  them  but  voluntarily 
speaking  for  them  as  an  individual,  I  salute  you  as  brother-patriots,  whose  sole  purpose 
now  is  the  preservation  of  liberty  for  our  own  and  future  generations. 

The  following  resolution  pledging  to  the  Government  the  united 
resources  of  the  iron  and  steel  industry  was  then  unanimously  passed: 

RESOLVED,  by  the  American  Foundrymen's  Association,  the  Institute  of  Metals 
Division  of  the  American  Institute  of  Mining  Engineers,  the  Iron  and  Steel  Section 
of  the  American  Institute  of  Mining  Engineers,  the  American  Malleable  Castings 
Association  and  the  foundry  equipment  manufacturers  of  the  United  States  in  joint 
meeting  assembled,  that  every  resource  of  these  allied  metal  trades  is  again  pledged 
to  the  Government  not  only  in  the  production  of  materials  for  the  conduct  of  the  war, 
but  for  the  accelerated  manufacture  of  these  materials  to  enable  the  Government 
to  greatly  intensify  its  prosecution  of  the  war  and  to  bring  about  a  speedy  and  crushing 
defeat  of  the  enemy  that  will  lead  to  his  abject  and  unconditional  surrender. 

The  activities  of  the  army  ordnance  department,  especially  as 
applied  to  foundry  matters,  were  told  by  C.  S.  Koch,  of  the  Cannon 
Section  of  the  Production  Division,  Ordnance  Dep&rtment,  Washington. 
Cooperation  between  the  railroad  administration  and  the  metal-working 
industries  was  then  urged  in  an  address  of  this  title  by  E.  D.  Brigham, 
manager  iron  ore,  coal  and  grain  traffic,  United  States  Railroad  Admin- 
istration, Duluth.  The  modern  methods  of  transferring  skill,  illus- 
trated by  mihtary  films,  were  shown  by  Major  Frank  B.  Gilbreth, 
Providence,  R.  I. 


INSTITUTE  OF  METALS  DIVISION 

The  first  meeting  of  the  Institute  of  Metals  Division  was  held  at  the 
close  of  the  joint  session,  with  Chairman  W.  M.  Corse  presiding.  In 
his  address,  Chairman  Corse  said: 

The  most  important  event  of  our  year  is  the  affiUation  of  our  In- 
stitute with  the  American  Institute  of  Mining  Engineers.  It  gives  us 
the  opportunity  of  meeting  twice  a  year  and  of  associating,  in  at  least  one 
of  these  meetings,  with  men  representing  the  produce  of  the  metals  that 
we  all  use.  The  opportunity  to  study  the  raw  material  end  of  our 
business  has  not  been  afforded  at  our  meetings  heretofore  and  should 
prove  of  great  value  to  our  members.  The  affiliation  with  the  American 
Institute  of  Mining  Engineers  gives  a  permanent  headquarters  in  New 
York  city,  the  use  of  the  large  engineering  Ubrary  in  the  Engineering 
Societies'  Building,  and  a  permanent  secretarial  and  editorial  staff.  We, 
on  the  other  hand,  must  do  our  part  in  making  the  meetings  of  our  divi- 
sion a  success,  both  by  writing  papers  and  by  participating  in  the  discus- 
sions. Our  meetings  are  generally  considered  to  be  excellent  from  a 
discussion  standpoint.    Let  us  maintain  this  feature  in  our  divisional 
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meetings  and  interest  in  them  men  who  are  informed  on  subjects  related 
in  any  way  to  the  non-ferrous  metal  industry. 

In  these  war  times,  it  is  particularly  necessary  to  prepare  for  the  re- 
construction period  to  follow  by  perfecting  our  manufacturing  processes 
and  studying  the  most  efficient  methods  of  transacting  our  particular 
business.  Any  society  whose  aim  is  educational  has  a  duty  to  perform 
in  this  respect,  and  as  we  represent  the  non-ferrous  alloy  and  metal 
industries,  it  is  incumbent  on  us  to  see  that  we  are  informed  of  the  best 
and  latest  practice  and  furnish  the  medium  for  its  wide  dissemination. 
The  need  for  maximum  production  is  so  great  at  the  present  time  that 
it  is  difficult  to  find  time  to  do  research  work,  but  it  seems  to  be  very 
necessary  that  we  set  aside  some  money  and  time  in  order  that  we  may 
be  ready  to  produce  at  the  lowest  cost  and  in  the  most  efficient  manner, 
when  the  times  become  normal.  Our  efforts  in  this  direction,  through 
our  cooperative  work  with  the  Bureau  of  Standards,  have  been  halted 
during  the  war,  but  it  is  our  intention  to  continue  this  cooperative  work 
as  soon  as  practicable. 

Our  Institute  has  been  the  means  through  which  much  help  has  been 
rendered  to  the  Government  and  our  present  affiliation  puts  us  in  a 
position  to  be  of  maximum  help  in  this  respect.  Many  of  our  members 
have  rendered  splendid  service  in  technical  capacities  to  the  United 
States,  for  which  we  are  very  glad. 

It  gives  me  pleasure  to  see  the  generous  manner  in  .which  our  men 
have  responded  to  any  calls  made  on  their  time  and  experience.  Let 
us  resolye  to  make  our  Institute  of  Metals  Division  more  of  a  power  in 
the  metal  world  and  to  carry  on  our  meetings  in  such  a  way  that  the  Ameri- 
can Institute  of  Mining  Engineers  will  feel  that  they  have  acquired  an 
energetic  and  useful  member  in  their  household.  I  want  to  thank  the 
membership  for  the  cooperation  they  have  given  me  during  the  year  and 
for  the  splendid  response  to  our  new  plan  of  organization.  May  the 
Institute  of  Metals  Division  of  the  American  Institute  of  Mining  Engi- 
neers be  a  worthy  member  of  the  metallurgical  family  of  which  we  are 
now  a  part. 

Secretary  F.  L.  Wolf  reported  that : 

The  Institute,  on  July  1,  1918,  had  an  active  membership  of  337  and 
an  associate  membership  of  49,  making  a  total  of  386.  In  the  active 
membership  are  included  the  corporation  members,  each  corporation 
having  three  members. 

Beginning  July  1,  1918,  the  American  Institute  of  Metals  became 
the  Institute  of  Metals  Division  of  the  American  Institute  of  Mining 
Engineers.  The  advantages  of  this  union  were  explained  in  the  letter 
sent  to  the  members  on  April  18.  We  retain  our  identity,  elect  our  own 
officers  as  heretofore,  hold  our  meetings  as  before,  at  the  same  time  and 
place  as  that  held  by  the  American  Foundrymen's  Association  and,  in 
addition,  a  meeting  in  February,  which  is  held  at  New  York  with  the 
American  Institute  of  Mining  Engineers.  By  this  affiliation,  we  secure 
all  the  advantages  that  are  offered  by  one  of  the  largest  and  best  known 
scientific  societies.  A  glance  at  our  program  will  show  that  an  excellent 
program  has  been  provided  by  the  Papers  Committee  of  which  Dr.  Paul 
I>.  Merica  is  chairman. 

The  receipts  and  disbursements  for  the  period  of  July  1,  1917  to  Oct. 
5,  1918  are  as  follows; 
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Receipts 

Cash  on  hand  July  1,  1917 $  740.04 

Dues 3610.60 

Volumes 783.96 

Emblems 21.00 

Interest 2.00 

Refund  from  Rumford  Press 19.26 

Rental  of  Electros  to  Metal  Industry 6.00 

A.F.  A 250.00 

Miscellaneous .37 

$6432.12 
Disbursements 

Printing  including  Postage $3202.98 

Postage 114. 16 

Salaries 1025.00 

Office  Supplies 19.91 

Refunds 60.25 

Bond 2.60 

Insurance 37.62 

Convention 236. 10 

Miscellaneous 25 .  49 

Exchange 7.85 

Cash  on  hand  Oct.  6,  1918 710.27 

$5432.12 

As  officers  for  the  ensuing  year,  the  nominating  committee,  consisting 
of  Gwilliam  H.  Clamer,  chairman,  J.  L.  Jones,  and  Alfred  Frank,  recom- 
mended the  following,  for  whom  the  Secretary  was  instructed  to  cast 
the  ballot:  Chairmanj  W.  M.  Corse,  Ohio  Brass  Co.,  Mansfield,  0.; 
aecretary^treasurer,  F.  L.  Wolf,  Ohio  Brass  Co.,  Mansfield,  O.;  mce-chair- 
men,  who  will  also  form  the  executive  committee,  Wm.  B.  Price,  Scovill 
Mfg.  Co.,  Waterbury,  Conn. ;  George  K.  Burgess,  Ph.  D.,  Bureau  of  Stand- 
ards, Washington,  D.  C;  Harold  J.  Roast,  James  Robertson  Co.,  Ltd., 
Montreal,  Can.;  C.  H.  Bierbamn,  Lumen  Bearing  Co.,  Buffalo,  N.  Y.; 
W.  A.  Cowan,  National  Lead  Co.,  Brooklyn,  N.  Y.;  Sir  Robert  A.  Had- 
field,  22  Carlton  House  Terrace,  London,  Eng. ;  W.  K.  Frank,  Damascus 
Bronze  Co.,  Pittsburgh,  Pa.;  C.  H.  Mathewson,  Ph.  D.,  Scheffield  Scien- 
tific School,  New  Haven,  Conn.;  Zay  Jeffries,  Ph.  D.,  Aluminum  Castings 
Co.,  Cleveland,  0.;  W.  H.  Bassett,  American  Brass  Co.,  Waterbury,  Conn. 

TECHNICAL  SESSIONS 

Institute  of  Metals  Division 

One  session  of  the  Institute  of  Metals  Division  was  held  on  Tuesday 
morning,  October  8,  Mr,  W.  M.  Corse  presiding.  The  following  papers 
were  presented: 

The  Metallography  of  Tungsten.  By  Zay  Jeffries.  (Presented  by  the  autlior: 
discussed  by  Sir  Robert  Hadfield,  J.  C.  W.  Humfrey,  P.  D.  Merica,  and  the  author.) 

Notes  on  Babbitt  and  Babbitted  Bearings.  By  Jesse  L.  Jones.  (Presented  by 
the  author;  discussed  by  G.  H.  Clamer  and  the  author.) 


The  second  session  was  held  on  Wednesday  morning,  October  9, 
Mr.  W.  M.  Corse  presiding.     The  following  papers  were  presented: 

Constitution  of  the  Tin  Bronxes.     By  S.  L.  Hoyt.     (Presented  by  P.  D.  Menem; 
discussed  by  C.  H.  Bierbaum.) 
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rgen  and  Sulphur  in  the  Melting  of  Copper  Cathodes.    By  S.  Skowronski. 
ation  of  Sulphur  to  the  Overpoling  of  Copper.     By  S.  Skowronski. 
(Both  papers  were  presented  by  W.  B.  Bassett,  and  discussed  by  F.  Johnson 
(written),  G.  H.  Clamer.) 

Pure  Carbon-free  Manganese  and  Manganese  Copper.     By  Arthur  Braid.     (Pre- 
sented by  the  author;  discussed  by  W.  H.  Bassett,  G.  H.  Clamer.) 


The  third  session^  a  symposium  on  the  conservation  of  tin,  was  held 
on  Wednesday  morning,  October  9,  immediately  following  the  session 
scheduled  above,  and  was  continued  on  Wednesday  afternoon.  Mr. 
G.  C.  Stone  was  in  the  chair.    The  following  papers  were  presented: 

Babbitts  and  Solder.     By  G.  W.  Thompson.     (Presented  by  W.  A.  Cowan.) 
Bronze  Bearing  Metals.     Bv  G.  H.  Clamer.     (Presented  by  the  author.) 
Pennsylvania  Railroad  Anti-friction  and  Bell  Metals.     By  F.  M.  Waring.     (Pre- 
sented by  W.  M.  Corse.) 

Solder.  Its  Use  and  Abuse.     By  M.  L.  Lissberger.     (Presented  by  the  author.) 
The  Tin-plate  Industry.     By  D.  M.  Buck.     (Presented  by  the  Chairman;  dis- 
cussed by  G.  H.  Clamer,  J.  W.  Richards.) 

The  Aluminum  Bronze  Industry.     By  W.  M.  Corse.     (Presented  by  the  author.) 
Bronzes.  Bearing  Metals,  and  Solders.     By  G.  K.  Burgess  and  R.  W.  Woodward. 
(Presented  by  P.  D.  Merica;  discussed  by  G.  H.  Clamer,  R.  T.  Roberts.) 

Cadmium  Resources  of  the  United  States.  By  C.  L.  Siebenthal.  (Presented 
by  P.  D.  Merica;  discussed  by  M.  L.  Lissberger,  C.  W.  Hill,  F.  F.  Colcord.) 

The  fourth  session  was  held  on  Wednesday  afternoon,  beginning 
at  the  close  of  the  symposium  on  tin.  Mr.  W.  M.  Corse  presided.  The 
following  papers  were  presented. 

The  Volatility  of  the  Constituents  of  Brass.  By  John  Johnston.  (Presented 
by  the  author;  discussed  by  J.  W.  Richards.) 

The  Effect  of  Impurities  on  the  Hardness  of  Cast  Zinc  or  Spelter.  By  G.  C.  Stone. 
(Presented  by  the  author.) 

Dental  Amalgams.  By  A.  W.  Gray.  (Presented  by  the  author,  and  illustrated 
by  lantern  slides.) 


The  fifth  session  was  held  on  Thursday  morning,  October  10,  Mr. 
G.  C.  Stone  presiding.     The  following  papers  were  presented: 

Electrolytic  Zinc.  By  C.  A.  Hansen.  (Presented  by  title.  Written  discussions 
by  J.  L.  McK.  Yardley  and  the  author.) 

The  Condensation  of  Zinc  from  its  Vapor.  By  C.  H.  Fulton.  (Presented  by 
C.  C.  Nitchie;  discussed  by  E.  E.  Thum.) 

The  Action  of  Reducing  Gases  on  Copper.  By  N.  B.  Pilling.  •  (Presented  by  the 
author.) 

Notes  on  Non>metallic  Inclusions  in  Bronzes  and  Brasses.  By  G.  F.  Comstock. 
(Presented  by  title.) 

Fusible  Plug  Manufacture.  By  G.  K.  Burgess  and  L.  J.  Gurevich.  (Presented 
by  title.) 

Application  of  the  Spectroscope  to  the'Chemical  Determination  of  Lead  in  Copper. 
By  C.  W.  Hill  and  G.  P.  Luckey.     (Presented  by  C.  W.  Hill.) 

Radium.  By  R.  B.  Moore.  (Presented  by  title.  Written  discussion  by  W.  A. 
Schlesinger.) 

Iron  and, Steel  Section 

« 

The  session  of  the  Iron  and  Steel  Section  was  held  on  Wednesday 
morning,  October  9,  Dr.  J.  W.  Richards  presiding.  The  following 
papers  were  presented: 
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The  Engineering  Work  of  the  National  Research  Council.  By  H.  M.  Howe. 
(Presented  by  John  Johnston.) 

The  limonite  Deposits  of  Mavaguez,  Mesa,  Porto  Rico.  By  C.  R.  Fettke  and 
Bela  Hubbard.     (Presented  by  title.) 

The  Manufacture  of  Ferro-alloys  in  the  Electric  Furnace.  By  R.  M.  Keeney. 
(Presented  by  title.     Written  discussion  by  E.  S.  Bardwell,  H.  W.  Gillett.) 

The  Manufacture  of  Silica  Brick.  By  H.  LeChatelier  and  B.  Bogitch.  (Presented 
by  title.) 

Notes  on  Certain  Iron-ore  Resources  of  the  World,  N.  Y.  Section  Meeting  of 
May  23,  1918.     (Presented  by  title.     Discussed  by  J.  W.  Richards.) 

Recent  Geologic  Development  on  the  Mesabi  Iron  Range,  Minn.  Discussion 
by  Anson  A.  Betts  and  J.  F.  Wolff.     (Presented  by  title.) 

The  Byproduct  Coke  Oven  and  its  Products.  By  W.  H.  Blauvelt.  (Presented 
by  title.) 

The  Use  of  Coal  in  Pulverized  Form.  By  H.  R.  Collins.  (Presented  by  the 
author;  discussed  by  A.  V.  Adamson,  J.  W.  Richards,  H.  H.  Stoek,  R.  F.  Harrington, 
T.  A.  Marsh,  and  the  author.) 

Carbocoal.     By  C.  T.  Malcolmson.     (Presented  by  N.  W-  Roberts.) 

Low-temperature  Distillation  of  Illinois  and  Indiana  Coals.  By  G.  W.  Traer. 
(Presented  by  the  author.) 

Method  of  Fixing  Prices  of  Bituminous  Coal  Adopted  by  the  U.  S.  Fuel  Admin- 
istration. By  Cyrus  Garnsey,  Jr.,  R.  V.  Norris,  and  J.  H.  Allport.  (Presented  by 
title.     Written  discussion  by  E.  McAuliffe.) 


MEETING  OF  BOARD  OF  DIRECTORS 

At  the  meeting  of  the  Board  of  Directors  held  on  October  25,  the  re- 
ports of  the  Treasurer  and  the  Nominating  and  Finance  Committees 
were  received.  Thirty-five  members,  seven  associates,  and  six  junior 
associates  were  elected;  one  change  of  status  from  junior  associate  to 
member  was  granted;  six  members  were  reinstated;  and  one  resignation 
was  accepted.  An  extension  of  time  was  granted  to  fourteen  members. 
The  dues  of  forty-seven  members  were  suspended  on  account  of  their 
being  in  active  service. 

The  application  for  formation  of  a  Houghton  Section  was  granted  and 
the  president  was  authorized  to  appoint  a  committee  on  organization. 
The  courtesies  of  the  Institute  were  extended  to  visiting  engineers  of 
France,  Great  Britain  and  Italy  who  are  at  present  in  the  country  on 
war  missions.  Votes  of  thanks  were  extended  to  the  Committees  of  the 
Milwaukee  meeting.  The  proposed  Survey  of  Engineering  Organiza- 
tions by  Engineering  Foundation  was  approved.  The  Secretary  was 
authorized  to  publish  in  the  Bulletin  an  appeal  from  the  American  Ouv- 
roir  Funds.  A  petition  signed  by  110  members  of  the  Institute  to  change 
the  name  of  the  Institute  was  presented. 

Treasurer  George  C.  Stone  resigned  on  account  of  contemplated  ab- 
sence from  the  city,  and  George  D.  Barron  was  elected  Treasurer  in  his 
place. 

Mr.  Alexandre  Gouvy,  a  distinguished  French  engineer,  then  ad- 
dressed the  Board. 
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LOCAL  SECTION  NEWS 

SAN  FRANCISCO  SECTION 

Roy  H.  Elliott,  Chairman  T.  A.  Rickard,  Vice-chairman 

W.  H.  Shocklby,  Secretary-Treasurer,  959  Waverley  St.,  Palo  Alto,  Gal. 

D.    M.    RiOBDAN  C.  F.  TOLMAN,  Jr. 

A  joint  meeting  of  the  local  sections  of  the  several  national  engineer- 
ing societies  represented  in  San  Francisco  was  held  at  the  Engineers' 
Club  on  Thursday  evening,  Sept.  26, 1918.  The  subject  for  the  evening, 
"  Fuel  Conservation,"  was  ably  discussed  by  a  number  of  representatives 
of  the  Federal  Administration  and  by  engineers  interested  in  the  genera- 
tion and  utilization  of  all  kinds  of  power  on  the  Pacific  Coast.  The 
following  extracts  from  papers  presented  at  this  meeting  have  been  se- 
lected as  being  of  the  greatest  interest  and  value  to  members  of  this 
Institute. 

Problems  of  the  Fuel  Administration 

Albert  E.  Schwabachbr. — America's  war  needs  call  for  100,000,000 
more  tons  of  coal  this  year  than  in  1917,  and  200,000,000  tons  more  than 
in  1914,  when  the  war  started,  and  this  increase  must  come  from  a  weaker 
man-power  than  that  of  1917.  It  must  be  transported  by  a  railroad 
system  that  has  not  been  improved  since  the  war  started,  and  has  been 
burdened  with  inconceivably  greater  demands  than  were  made  upon  it 
before  the  war.  This  tremendous  increased  demand  must  be  met  by 
most  intensive  work  in  three  directions;  increased  production,  eflSicient 
conservation,  and  a  distribution  system  which  will  insure  against  lost 
motion. 

While  every  European  country  has  decreased  its  coal  production  since 
the  war  began,  the  United  States  has  mined  50,000,000  tons  more  coal, 
during  the  first  year  of  the  war,  and  will  increase  this  by  another  50,- 
000,000  the  present  year.  Every  8  days  there  are  being  mined  and 
transported  as  great  a  weight  of  coal  as  of  the  entire  wheat  crop  of  the 
United  States.  Of  the  735,000,000  tons  of  coal  which  must  be  made 
available  for  consumption  by  our  railroads,  ships,  war  industries  and 
people,  100,000,000  tons  will  come  from  the  anthracite  fields,  the  re- 
mainder from  the  bituminous  fields. 

In  1917  there  were  produced  about  330,000,000  bbl.  of  oil,  and  this 
year  an  additional  amount  over  last  year's  production,  of  approximately 
23,000,000  bbl.  will  be  required.  Water  power  developed  5,000,000  hp., 
the  demand  greatly  exceeding  the  available  supply. 

Two  Umiting  factors  to  the  production  of  coal  are  labor  and  trans- 
portation. With  a  decreased  labor  supply,  and  increased  demand,  full 
production  must  be  obtained  by  greater  efficiency  of  mine  workers  and 
conservation  by  industrial  and  domestic  consumers.  The  Production 
Bureau  of  the  United  States  Fuel  Administration  has  appointed  a  special 
committee  in  each  mine.  Three  members  are  chosen  by  mine  operators, 
and  three  by  the  workers.  This  committee  urges  miners  to  work  8 
hours  a  day  6  days  a  week,  to  report  the  number  of  tons  of  coal  pro- 
duced, and  to  discourage  shortages  of  hours  or  absence  from  duty,  even 
on  holidays.  Young  men  attending  school  in  the  winter  have  been  en- 
couraged to  work  in  the  mines  during  the  smnmer.     As  an  example  of 
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the  patriotic  efficiency  evidenced  by  miners,  the  wonderful  record  of 
Marion  Urbin  for  one  month  may  be  cited.  In  the  Bliss  colliery  of  the 
Lehigh  &  Wilkes-Barre  Coal  Co.,  he  mined  350  cars  of  coal,  and  he  had 
to  remove  58  cars  of  rock,  a  total  of  408  cars.  His  earnings  were  $350 
for  the  month. 

Before  the  war,  the  demand  for  domestic  coal  during  the  sunmier 
was  so  light  that  miners  would  often  seek  other  occupations.  The  Fuel 
Administration  has  encouraged  the'  early  buying  and  storage  of  coal, 
by  patriotic  appeals  to  consumers  through  a  "Buy  Early"  campaign. 
This  has  been  a  tremendous  success,  and  has  kept  the  demand  upon 
many  mines  during  the  summer  months  up  to  maximum. 

The  Fuel  Administration  has  created  a  Labor  Bureau,  wherein  the 
matters  pertaining  to  labor  in  the  coal-mining  industry  remain  under 
the  jurisdiction  of  the  United  States  Fuel  Administrator.  Strikes  in 
the  industry  have  been  reduced  to  a  minimum,  thanks  to  the  efficient 
work  of  this  Bureau. 

A  zoning  system  which  eliminates  cross-hauling  of  coal,  and  avoids 
waste  of  transportation,  is  estimated  to  save  over  20,000,000  car-miles 
a  year  in  the  movement  of  boal.  A  consequent  saving  of  fuel  that  would 
otherwise  be  used  in  this  transportation  is  also  made. 

Before  the  organization  of  the  Fuel  Administration,  shipments  of 
bunker  coal  to  seaports  contained  as  high  as  10  per  cent,  foreign  sub- 
stance, such  as  bone  and  slate.  Strict  regulations  now  prohibit  the 
delivery  of  any  coal  to  Atlantic  or  Gulf  ports  for  bunkering  purposes 
that  is  not  up  to  the  Fuel  Administration's  specifications  covering  clean 
coal. 

Fuel  oil  also  must  be  conserved  to  the  utmost,  as  in  efficiency  as  a 
vessel  fuel  it  has  no  equal.  Mr.  Rossetter,  Director  of  Operations  of 
the  United  States  Shipping  Board,  advises  that  the  emergency  fleet  can 
be  operated  by  American  seamen  in  competition  with  foreign  vessels 
manned  by  cheap  Asiatic  labor,  providing  fuel  oil  is  burned  instead  of 
coal.  An  equal  weight  of  fuel  oil  gives  more  heat  without  smoke,  re- 
quires less  man-power  to  handle,  and  occupies  much  less  bunker  space 
than  coal. 

H.  R.  Collins,  of  the  Fuller  Engineering  Co.,  states^  that,  from 
actual  experience  with  many  grades  of  coal,  he  believes  that  every  solid 
carbonaceous  fuel,  from  Ugnite  to  the  graphitic  anthracites  of  Rhode 
Island,  will  yield  its  maximum  measure  of  heat  if  burned  in  pulverized 
form.  The  cement  industry  alone,  in  California,  consumes  1,700,000 
bbl.  of  fuel  oil  per  annum.  If  CaUfornia  low-grade  lignites  and  sub- 
bituminous  coals  were  pulverized  and  utilized  as  fuel  to  serve  this  in- 
dustry, approximately  350,000  tons  of  coal  in  the  pulverized  state  would 
release  for  vessel  fuel  1,700,000  bbl.  of  fuel  oil. 

The  Fuel  Administration  is  endeavoring  to  stimulate  development 
of  hydro-electric  power  to  serve  as  a  substitute  for  fuel  oil  and  coal. 
Central  generating  stations  are  recognized  to  have  far  greater  possi- 
bilities for  fuel  conservation  than  smaller  isolated  plants,  and  the  elimi- 
nation of  less  efficient  plants  is  being  urged.  All  power  plants  in  the 
United  States  are  now  being  inspected  by  engineers  of  the  Fuel  Admin- 
istration, who  make  definite  recommendations  for  any  necessary  im- 
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provements  in  plant  construction,  operation  or  working  conditions.  In 
the  event  of  a  local  fuel  shortage,  preference  will  be  given  to  those  plants 
which  have  adopted  efficient  operating  methods  recommended  by  the 
Fuel  Administration. 

Inter-connection  of  power  companies  has  been  accomplished  in  many 
localities  through  the  efforts  of  the  Fuel  Administration.-  Substantial 
savings  of  fuel  oil  and  coal  have  been  made  possible,  particularly  in 
those  communities  where  water-power  plants  have  been  inter-connected 
with  those  operated  by  steam.  By  the  closing  or  consolidation  of  many 
so-called  "less  essential''  industries,  supplies  for  fuel,  raw  materials  and 
man-power  have  been  made  available  for  war  industries. 

In  its  efforts  to  secure  sufficient  fuel  for  our  war  industries  and  trans- 
portation companies,  the  Fuel  Administration,  in  conjunction  with  the 
War  Industries  Board,  has  curtailed  many  less  essential  industries  in 
varying  degrees.  Lightless  nights  are  estimated  to  save  500,000  tons 
of  coal  per  annum.  Skip-stop  systems  on  street  railroads  promise  to 
save  3  per  cent,  of  fuel  consumption.  The  dayUght  saving  plan  will 
save  approximately  l^i  miUion  tons  of  coal  per  annum. 

With  only  shght  expenditures,  big  results  can  be  obtained  in  factories 
by  the  elimination  of  unnecessary  hghts  and  lights  of  too  great  candle 
power,  of  carbon  lamps  and  arc  lamps.  The  Fuel  Administration  also 
urges  the  substitution  of  nitrogen  lamps  and  the  washing  of  dirty  windows. 
Discontinuance  of  motor  power  when  machinery  is  idle,  elimination  of 
excessive  sparking,  heating  or  erratic  speed  of  motors  is  recommended. 
Proper  alignment  of  shafting,  with  grouping  of  machines  so  as  to  operate 
motors  as  nearly  loaded  as  possible,  and  efforts  to  maintain  a  flat  load 
curve  are  also  urged. 

Domestic  consumers  are  urged  to  save  fuel  in  their  homes;  most  of 
this  savmg  can  be  accompUshed  by  proper  damper  control.  Conserva- 
tion throughout  the  country  is  a  self-evident  necessity.  Still  more  radical 
curtailment  of  the  supply  of  fuel  to  industries  is  essential  to  the  carrying 
on  of  the  war,  and  must  be  enforced. 

Developmetit  of  Water  Power 

A.  H.  Markwart. — In  developing  the  greatest  natural  resource  of 
the  country — our  "white  coal" — we  have  barely  made  a  beginning; 
here  is  a  supply  of  energy  which  is  practically  inexhaustible  so  long  as 
the  sun  shines.  The  undeveloped  water  power  of  the  nation  has  been 
variously  estimated  at  from  55,000,000  commercially  to  225,000,000  hp. 
theoretically.  According  to  one  authority,  there  is  available  at  reason- 
able costs  from  75,000,000  to  150,000,000  hp.  Accepting  the  lower 
estimate  of  55,000,000,  it  is  stated  that  40,000,000  of  this  is  to  be  found 
in  13  Western  states,  and  most  of  it  is  under  Federal  control  because  of 
the  need  of  occupying  Government  land  wholly  or  in  part.  There  is 
perhaps  5,000,000  hp.  in  the  sta,te  of  California,  but  not  over  half  a 
million  is  developed.  The  total  developed  water  horse-power  of  the 
United  States  is  given  as  about  6}i  million,  while  the  steam  engine  horse- 
power, including  railroad  locomotives,  is  placed  at  28,000,000.  It  is 
evident  that  there  are  great  water-power  opportunities,  many  of  which 
are  favorably  situated  for  immediate  development  to  satisfy  the  needs 
of  a  wide  and  constantly  increasing  consumption. 
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At  present  the  laws  under  which  water  power  may  be  utilized  are 
most  unfavorable,  with  the  disastrous  result  that  there  has  been  a 
stagnation  in  water-power  development.  While  in  normal  times, 
policies  were  deterrent,  in  war  times  they  are  practically  prohibitive, 
and  the  obstacles  to  be  encountered  are  so  numerous  that  corporations 
are  reluctant  to — ^in  fact,  cannot — undertake  any  expansion  whatever. 
At  present,  to  develop  a  hydro-electric  project  in  California,  one  finds 
it  necessary  to  obtain  permits  of  the  Forest  Service  (if  public  lands  are 
involved),  the  State  Water  Commission,  the  Railroad  Commission,  the 
Commissioner  of  Corporations,  and  the  Fuel  Administration;  and  then, 
when  all  of  these  permits  have  been  obtained,  it  is  necessary  to  secure 
a  certificate  from  the  Capital  Issues^  Committee  that  the  issuance  of  the 
securities  in  connection  with  the  project  is  not  incompatible  with  the 
interests  of  the  United  States.  But  even  this  is  not  sufficient  in  these 
times,  for  after  all  this  has  been  done,  the  War  Industries  Board,  the 
Railroad  Administration  and  the  Selective  Service  Boards  will  determine 
respectively  whether  or  not  the  necessary  materials  of  construction  may 
be  obtained,  transportation  arranged,  and  men  secured  to  accomplish 
the  physical  work.  Of  course,  all  these  restrictions  appeaf  necessary  to 
safeguard  the  interests  of  the  public  and  to  maintain  the  conduct  of  the 
war,  but  they  do  not  facilitate  the  development  of  this  enormous  wealth 
of  potential  energy. 

That  the  interests  of  the  war  will  be  best  served  by  a  reduction  in 
the  use  of  coal  and  oil,  which  are  non-renewable  natural  resources,  is 
apparent;  and  no  one  disputes  the  benefits  to  be  derived  by  the  use 
of  a  form  of  energy  obtained  from  renewable  sources.  Moreover,  it 
requires  much  less  of  the  country's  man-power  to  produce  energy  from 
water  than  from  either  coal  or  oil.  It  would  therefore  seem  that  sane, 
accelerant  effort  should  be  directed  toward  the  utilization  of  hydro- 
electric power  rather  than  toward  the  exhaustion  of  coal  and  oil,  with 
the  consequent  waste  of  man-power  and  absorption  of  transportation 
facilities.  Water  power  is  now  being  conserved  to  the  highest  degree — 
in  fact,  it  is  locked  up— by  prohibitive  restrictions.  We  should  have 
done  with  this  kind  of  conservation  and  should  proceed  with  the  devel- 
opment and  utilization  of  this  tremendous  resource  in  order  to  save  for 
posterity  some  of  those  non-renewable  natural  resources  upon  which 
this  generation  is  drawing  so  heavily. 


Fuel  Oil  for  Ships  after  the  War 

David  L.  Folsom. — If  the  United  States  is  to  meet  successfully  the 
industrial  and  political  problems  which  will  arise  after  the  war  it  must 
be  done  through  increased  domestic  development  and  through  the 
expansion  of  our  foreign  commerce. 

To  the  expansion  of  commerce  we  are  already  committed  through 
the  construction  of  the  merchant  fleet  under  the  United  States  Shipping 
Board.  In  1914,  the  total  merchant  fleet  of  the  world  was,  in  round 
numbers,  60,000,000  tons.  A  part  of  this  has  been  destroyed  by  sul> 
marines  and  raiders,  but  by  1921  there  will  be  under  the  American  flag, 
and  under  the  direction  of  a  single  organization,  25,000,000  tons  of  new 
ships.  These  ships  must  have  some  place  to  go  and  they  must  have 
something  to  carry.    A  great  part  of  this  fleet  will  undoubtedly  operate 
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on  the  Pacific  and  every  port  and  every  industrial  section  of  the  Pacific 
must  feel  the  impulse  and  the  stimulus  of  increased  trade. 

If  this  is  to  be  done,  I  believe  that  every  boat  which  operates  suc- 
cessfully on  the  Pacific  under  the  American  flag  must  be  an  oil  burner, 
and  that  eventually  these  boats  wiQ  be  equipped  with  internal-com- 
bustion Diesel  engines.  There  are  two  reasons  for  this.  In  the  first 
place,  the  coaling  stations  of  the  world  are  under  the  control  of  either 
the  English  or  Japanese  nations;  in  the  second,  it  is  only  through  the 
use  of  oil  that  America  can  meet  competition  under  the  handicap  of 
the  high  wages  which  this  country  pays  its  seamen. 

Oil  is  the  ideal  fuel  for  ships:  compared  with  coal,  it  is  cheaper  and 
easier  to  handle,  more  efficient  in  use,  and  gives  a  longer  steaming  radius 
to  vessels.  The  amount  of  oil  required  to  supply  our  new  boats  will 
tax  our  resources  to  the  utmost.  At  present  we  are  not  producing  in 
this  country  enough  oil  to  meet  our  own  domestic  requirements,  and 
the  present  estimates  of  the  Shipping  Board  call  for  an  additional  80,- 
000,000  bbl.,  or  25  per  cent,  of  the  present  production,  for  the  support 
of  the  new  merchant  fleet.  This  can  mean  only  one  thing — a  smaller 
consumption  of  oil  on  land.  On  the  Pacific  Coast  this  presents  an  acute 
problem  worthy  of  the  best  talent  in  the  engineering  profession.  Oil 
is  our  best  fuel,  and  California  oU  supplies  two-thirds  of  the  power,  light 
and  heat  over  the  western  third  of  the  United  States. 

If  we  are  to  expand  our  own  trade  and  develop  products  to  supply 
cargoes  for  our  ships,  we  must  have  power,  we  must  have  fuel  for  fac- 
tories, mines  and  farms.  In  face  of  the  necessity  for  decreased  use  of 
oil,  where  is  the  Pacific  Coast  to  get  this  power?  I  believe  there  is  no 
single  solution,  but  instead  a  joint  solution  to  this  problem.  Oil  must  be 
used  more  efficiently  both  on  land  and  on  ships,  through  the  develop- 
ment and  increased  use  of  the  internal-combustion  engines,  and  on  land 
hydro-electric  power  must  be  developed  and  used  on  a  greater  scale 
than  ever  before. 

The  Use  of  Gas  as  a  Conservation  Measure 

John  A.  Britton. — As  competitors  with  artificial  gas  for  the  genera- 
tion of  light,  heat,  and  power,  we  have  electricity,  wood,  coal,  oil,  and 
the  residual  products  of  crude  oil. 

Electricity  has  never  measured  up  to  the  standard  of  other  means 
of  producing  heat,  while  fulfilling  every  expectation  as  a  means  of  afford- 
ing light  and  power.  Heat  generated  by  electric  resistance  can  never 
be  a  successful  competitor  of  gas  where  the  materials  from  which  gas  is 
derived  are  readily  obtainable.  And  it  is  conceded  that  the  cost  of 
transporting  coal  and  oil  from  which  gas  is  made,  to  the  point  of  manu- 
facture, is  materially  less,  per  unit  of  heat,  than  the  cost  of  conducting 
electric  energy  to  the  point  of  its  conversion  into  heat.  The  use  of 
electricity  for  heating,  therefore,  becomes  at  once  an  economic  waste  of 
material  and  man-power.  The  same  truth  would  apply  to  lighting,  ex- 
cept for  the  diversified  uses  of  electric  energy,  its  adaptability,  and  the 
freedom  from  personal  care  that  is  necessary  in  the  use  of  gas  and  oil. 

The  lack  of  a  good  quality  of  bituminous  coal  in  California  renders 
its  use  as  a  competitor  of  oil  or  gas  at  once  out  of  consideration.  When 
we  consider  the  enormous  labor  required  in  the  mining,  transportation, 
distribution,  and  consumption  of  coal,  and  the  low  efficiency  in  its  appli- 
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cation  for  the  production  of  heat,  we  can  safely  confine  this  discussion 
to  the  relative  merits  of  oil  and  gas,  oil  of  itself  and  oil  transformed 
into  artificial  gas  by  the  modern  process  which  is  essentially  Calif  ornian 
in  character. 

In  the  modern  process  of  gas  manufacture  from  crude  oil,  it  is  safe 
to  estimate  that  not  more  than  7  gal.  of  oil  is  used  for  all  purposes  in 
the  production  of  1000  cu.  ft.  of  gas,  having  a  thermal  value  of  550 
B.t.u.  per  cu.  ft.  This  gives  550,000-  B.t.u.  in  1000  cu.  ft.,  70  per  cent. 
of  which  is  apphed  to  eflfective  work  in  modern  domestic  appliances, 
and  more  when  used  in  large  industrial  installations.  The  distribution 
of  gas  requires  no  transportation  or  man-power  nor  are  these  entailed 
in  the  disposal  of  residuals  or  byproducts.  It  is  available  to  the  smallest 
consumer  as  well  as  the  largest,  and  is  today  a  most  important  factor 
in  war  work. 

Fuel  Saving  in  England 

Capt.  Robert  W.  A.  Brewer. — The  exacting  demands  which  the 
war  has  made  upon  faciUties  for  transportation  to  England  from  abroad, 
and  in  that  country  itself,  have  led  to  the  utilization  of  home  produced 
fuels  in  a  more  economical  manner  than  previously,  and  have  in  some 
instances  caused  the  substitution  of  coal  products  for  oil  and  its  products. 
It  must  be  borne  in  mind  that  the  production  of  oil  in  the  United  King- 
dom is  almost  negligible,  and  that  such  oil  as  is  produced  is  from  the 
shale  in  the  southern  parts  of  Scotland. 

Attention  was  inunediately  turned  to  an  increase  of  the  supply  of 
oils  from  coal,  a  matter  which  had  come  to  the  public  notice  only  a  few 
years  before  the  war.  The  recovery  of  tar  had  been  carried  out  in  a 
somewhat  haphazard  way  and  the  distillation  of  benzol  was  conducted 
commercially  only  in  a  few  of  the  largest  gas  works.  The  major  portion 
of  this  benzol  was  exported  to  France  and  Germany.  In  the  former 
country  it  was  largely  used  for  the  propulsion  of  public-service  vehicles 
in  Paris.  Germany,  as  we  all  know  now,  was  extracting  various  sub- 
stances necessary  for  the  production  of  high  explosives  from  the  by- 
products of  coal  purchased  in  England.  In  the  time  inunediately  before 
the  war,  one  or  two  houses  in  England  marketed  benzol  for  automobile 
purposes  in  a^commercial  way,  obtaining  a  price  about  equal  to  that  of 
gasoline,  but  the  total  volume  of  the  business  was  very  small. 

The  demands  of  the  war  for  benzol  and  toluol  were  met  by  the 
cooperation  of  all  the  principal  gas  producers  at  the  request  of  the 
Government,  who,  at  their  own  expense,  installed  the  Carpenter  system 
for  the  recovery  of  these  distillates  from  the  tar.  By  the  consent  of  the 
British  Government,  permission  was  given  to  strip  the  gas  in  order  to 
fulfill  the  requirements  for  explosive  materials  and  this  does  not  appear 
to  have  affected  the  general  situation,  as  in  the  extreme  cases  a  further 
enrichment  of  the  gas  has  been  resorted  to.  The  consumption  of  gas 
in  place  of  coal  has  resulted  in  large  economies  and  the  figures  reached, 
particularly  for  the  arts,  have  been  so  large  that  the  final  cost  of  gas 
to  the  consumer  has  been  reduced. 

The  demands  for  TNT  warranted  the  British  Government  in  erecting 
a  factory  at  a  cost  of  £1,500,000,  which  has  provided  sufBicient  capacity 
for  producing  this  explosive  at  a  cost  of  17  c.  per  pound,  whereas  the 
market  price  was  42  c.  per  pound.    In  other  words,  this  factory  has 


American  Institute  of  Mining  Engineers  xix 

been  khle  to  produce  at  a  cost  of  £3,500,000  a  quantity  of  TNT  which 
would  otherwise  have  cost  £7,000,000.  On  the  other  hand,  there  is  the 
question  of  freight,  and  when  this  was  most  acute,  it  was  reckoned  that 
by  purchasing  explosives  in  America,  a  saving  was  made  equal  to  four 
times  the  freight  of  the  raw  material. 

All  the  gasoline  and  petroleum  products  going  to  .England  are  im- 
ported from  the  East  Indies,  Borneo  and  Sumatra,  and  from  the  United 
States,  Roumanian  oil  principaUy  going  to  France  and  Germany  before 
the  war.  A  few  months  ago  France  was  taking  gasoline  to  the  extent 
of  4,000,000  gal.  per  month;  Salonica,  1,500,000  gal.;  England,  1,000,000 
gal.;  and  various  smaller  quantities  to  other  seats  of  operations.  The 
use  of  pleasure  automobiles  burning  gasoline  has  been  practically  pro- 
hibited in  England  for  a  long  time,  and  at  one  time  attempts  were  made 
to  run  commercial  vehicles  and  other  smaller  machines  on  coal  gas,  but 
changes  in  legislation  from  time  to  time  appear  to  have  affected  the 
operation  of  this  scheme.  A  prize  of  $5000  was  offered  about  one  year 
ago  by  the  English  Automobile  Association  for  the  most  suitable  method 
of  utilizing  coal  gas  on  an  automobile,  but  the  writer  believes  that  this 
offer  has  been  withdrawn. 

The  success  of  gas  as  a  fuel  needs  no  question,  and  for  the  operation 
of  busses  has  many  points  in  its  favor.  Factories  building  engines  for 
aircraft  and  automobiles  have  used  gas  very  extensively  for  a  long  time 
for  running  these  engines  in  the  shops,  and  have  effected  a  large  saving 
thereby. 

That  the  question  of  using  city  gas  for  the  propulsion  of  vehicles  in 
England  is  still  receiving  attention  is  shown  by  the  fact  that  last  month 
a  London  bus  chassis  was  shown  at  an  exposition  fitted  up  with  the  nec- 
essary appUances  for  using  gas,  and,  in  the  absence  of  detail,  it  must  be 
assumed  that  an  improved  form  of  container  is  now  being  fitted  to  the 
chassis.  Previously,  gas  was  contained  in  collapsible  bags  on  the  roof 
of  the  bus,  this  system  being  very  suitable  for  replenishment  from  point 
to  point  en  route;  As  the  cost  of  gasoline  in  England  is  about  90  c. 
per  gal.,  a  considerable  saving  of  cost  is  effected  when  it  is  realized  that 
at  the  prevailing  price  of  gas  in  London,  the  equivalent  amounts  to  20  c. 
per  gal.  of  liquid  fuel.  It  can  further  be  shown  that  the  substitution  of 
city  gas  at  50  c,  per  1000  cu.  ft.  will  effect  a  saving  over  petroleum  dis- 
tillate, at  10  c.  per  gal.,  not  only  when  careful  comparative  consumption 
tests  are  made  with  the  two  fuels,  when  used  in  a  factory,  but  also  from 
the  point  of  view  of  wastage  and  completeness  of  combustion;  and  even 
when  the  different  costs  of  the  fuels  did  not  show  a  direct  saving  in 
careful  test,  the  advantages  of  using  gaseous  fuel  are  so  apparent  that 
its  adoption  ia  fully  justified. 

Gas  is  also  used  to  a  very  large  extent  and  its  use  is  increasing  for 
furnace  work,  particularly  muffle  furnaces;  and  it  has  advantages,  par- 
ticularly for  heating  melting  pots,  and  all  similar  purposes  where  an 
even  temperature  is  required. 

As  to  the  coal  industry,  the  cost  is  largely  accounted  for  by  trans- 
portation, and  it  became  necessary  not  long  ago  for  the  Government  to 
divide  up  the  country  into  sections  so  that  the  consumption  of  fuel 
should  take  place  as  near  as  possible  to  the  point  of  production.  Where 
this  did  not  balance  out,  surplus  fuel,  for  example,  was  to  be  delivered 
into  the  nearest  or  most  accessible  district. 

In  conclusion,  it  may  be  stated  that  an  important  factor  in  the  saving 
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of  cost  of  fuel  in  England  has  been  a  remodeling  of  the  method  of  han- 
dling; and  in  addition  to  the  revised  method  of  distributing  coal,  liquid 
fuel  was  recently  transferred  in  bulk  to  France  and  put  up  in  2-^aI. 
containers  in  a  special  factory  in  that  country,  thus  saving  the  handling 
of  the  packages  from  England  to  France,  which  required  several  ships. 

Other  Papers 

In  addition  to  the  foregoing  papers,  the  following  interesting  contri- 
butions were  presented,  but  as  their  substance  relates  more  to  electrical 
and  mechanical  engineering  than  to  mining  or  metallurgy,  we  consider 
it  possible  to  omit  them: 

The  Relation  of  the  Chemist  to  the  Conservation  of  Fuel.  By  Prof. 
Edmund  O'Neil. 

Sources  of  Energy  Supply.    By  E.  M.  Downing. 

Electric  ConsoUdations  and  Their  Relations  to  Fuel  Conservation. 
By  H.  G.  Buckner. 

Fuel  Conservation  Through  Priority  Regulations.  By  Major  George 
F.^Sever. 

'Railroad  Electrification  as  a  Fuel  Conservation  Measure.    By  W.  J. 
Davis. 

District  Steam  Heating  as  Related  to  Fuel  Conservation.  By  Harry 
S.  Markey. 

These  papers  will  probably  be  abstracted  in  the  February  Journal  of 
the  American  Society  of  Mechanical  Engineers. 


AMBROSE  SWASEY'S  SECOND  GIFT  TO  ENGINEERING 

FOUNDATION 

Said  Plutarch  a  long  time  ago,  ''  To  appreciate  a  man's  work  at  the 
full,  it  is  well  to  know  the  man  hunself ,  his  circumstances  and  the  incidents 
of  his  career."     He  might  as  truly  have  said  "gift"  instead  of  "work." 

Ambrose  Swasey,  engineer,  collaborater  with  scientists,  promoter  of 
engineering  research,  patron  of  Engineering  Foundation,  advancer  of 
the  good  of  mankind,  modest  gentleman  and  generous  giver,  is,  happily, 
well  known  to  a  great  many  engineers,  who  will  therefore  more  fully 
appreciate  his  recent  additional  gift,  for  the  use  of  the  Engineering  Foun- 
dation, which  purpose  is  "the  furtherance  of  research  in  science  and 
engineering,  and  the  advancement  of  the  profession  of  engineering  and 
the  good  of  mankind." 

But  full  appreciation  of  a  gift  of  money  necessitates  more  than 
acquaintance  with  the  giver  and  knowledge  of  the  amount.  Its  timeli- 
ness; its  inspiration;  the  character  and  continuity  of  its  benefits,  all  must 
be  comprehended.  But  whose  imagination,  though  far-visioned  as  the 
great  telescopes  Mr.  Swasey  has  built,  can  see  the  limits  of  benefit  of 
such  gifts  as  he  has  made  to  the  Engineering  Foundation,  attracting — 
as  they  will — other  gifts  and  evidences  of  devotion  to  a  great  cause? 
Every  such  gift  lays  responsibilities  upon  the  recipients.  WUl  American 
engineers  grasp  not  merely  their  pecuniary  value  but  also  emulate  the 
spirit  of  fraternity  and  desire  for  harmony  which  have  accompanied  them? 
Shall  we  not  work  together  and  with  Ambrose  Swasey  to  advance  still 
further  the  good  of  mankind,  thus  to  demonstrate  an  acceptance  of  our 
obUgations  to  humanity  which  is  a  counterpart  in  a  democracy  of  the 
noblesse  oblige  of  aristocratic  tradition? 
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TimelineBS  is  a  wonderful  feature  of  Mr.  Swasey'e  gifts.  The  first 
was  made  in  the  early  stages  of  the  present  struggle  of  the  nobler  elements 
of  the  world  against  the  ignoble,  which  has  come  to  be  "the  people's  war." 
It  enabled  Engineering  Foundation  to  join  with  the  National  Academy 
of  Sciences  in  responding  to  the  President's  request  to  bring  into  coop- 
eration Governmental,  educational,  industrial,  and  other  research  agen- 
cies in  the  interest  of  the  national  defense  and  scientific  and  industrial 
research,  by  establishing  the  National  Research  Council.  This  council 
of  scientists  and  engineers  has  already  a  fine  record  of  achievement. . 


Amsrose  Swabet. 

To  his  first  large  gift,  the  principal  of  which  is  still  intact,  Mr.  Swasey 
has  now  added  generously  ($200,000)  at  another  psychological  moment. 
As  the  great  conflict  seems  nearer  an  end,  there  lies  immediately  before 
humanity  a  great  era  of  physical  reconstruction,  and,  vastly  more,  an  era 
of  spiritual  advancement  and  elevation  such  as  has  never  yet  been  experi- 
enced. Many  of  the  problems  of  human  relationships,  of  justice  and 
of  mercy,  await  the  genius  of  the  engineer  for  their  solution,  quite  as 
much  as  do  the  tasks  of  construction  and  the  development  of  physical 
resources.  Let  us  go  forward  with  Ambrose  Swasey  into  the  fields 
of  opportunity.  Let  differences  be  put  aside  and  a  united,  mighty  effort 
be  exerted  for  the  advancement  of  the  Engineering  Profession  and  of 
mankind.  Alfred  X>.  Flfkn,  Secretary, 

United  Engineering  Society  and 
Engineering  Foundation. 
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APPEAL  FOR  CHILDREN  OF  FRENCH  ENGINEERS  KHXED 
IN  THE  WAR 

Those  familiar  with  the  war  in  France  at  first  hand  know  that  in  these 
last  two  years  the  weight  of  the  suffering  has  fallen  upon  the  families  of 
the  well-to-do  classes;  those  who  before  the  war  lived  in  comparative 
ease  and  comfort,  with  every  prospect  of  educating  their  children  as 
their  parents  and  grandparents  had  been.  Thousands  of  the  men  is 
these  families  have  been  killed,  "officiers  d'^lite, "  and  the  small  pensions 
accorded  the  widows  permit  them  only  to  house  and  feed  their  children 
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and  give  them  a  common-school  education.  The  pension  for  a  lieuten- 
ant's widow  is  S245  a  year;  for  a  captain's,  $345;  for  a  colonel's  $575; 
and  so  on.  At  present,  it  requires  three  francs  a  day  to  provide  food  for 
one  person  in  cities,  and  conditions  are  not  improving. 

The  American  Ouvroir  Funds,  681  Fifth  Ave.,  New  York  City,  has 
tried  for  nearly  two  years  to  have  individual  Americans  give  individual 
children  a  "bourse, "  or  purse,  as  it  is  called,  of  from  $150  to  $250  a  year, 
so  that  they  may  enter  such  educational  institutions  aa  the  Lyc^,  the 
Poly  technique,  Beaux  Arts,  St.  Cyr,  etc.  The  war  relief  societies  of  these 
mihtary  schools  furnish  photographs  and  histories  of  children  under  their 
care  and  on  their  lists. 
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In  about  eighteen  months  the  American  Ouvroir  funds  has  sent 
to  France  over  $600,008  in  "adoptions,"  so  called,  from  individual 
Americans,  without  any  press  publicity  or  propaganda  whatever.  The 
orphans  of  the  St.  Cyr  oflScers  were  first  assisted  and  afterward  those  of 
the  other  military  schools. 

In  the  Spring  of  1917,  General  Vignal,  Military  Attach^  at  the  French 
Embassy  at  Washington,  suggested  that  the  Funds  should  also  try  to 
help  the  orphans  of  the  great  French  school  for  engineers,  the  Anciens 
Elfeves  de  FEcole  Polytechnique,  whose  famiUes  as  a  rule  were  poorer 
in  income  than  many  of  the  others,  these  families  having  been  dependent 
solely  upon  the  intellectual  earnings  of  the  father  to  support  the  family 
before  his  death.  Therefore,  they  were  often  placed  in  an  even  more 
impecunious  position  than  others.  Arrangements  were  later  made  with 
the  Socidt^  Amicale  de  TEcole  Polytechnique  for  the  Funds  to  be  its  sole 
representative  in  America  for  these  marrainages,  or  adoptions.  As  now 
it  is  much  harder  to  obtain  substantial  help  for  children  than  it  was  a 
year  ago,  before  the  war  had  come  so  close  home  to  ourselves,  the  Funds 
turns  to  the  engineers  of  America  for  help  for  these  particular 
orphans.  One  of  these  children  is  H(5l6ne  Journfes,  who  is  here  shown. 
She  was  bom  June  25,  1912,  and  is  the  youngest  child  of  Fernand  Henri 
Joumfes,  a  Captain  in  the  Engineers,  who  died  of  wounds  April,  1915,  at 
Beaus^jour  (Marne).  His  citation  in  the  army  orders  said  that  he  was 
constantly  seeking  the  most  dangerous  missions  and  directed  in  person 
the  mining  operations,  going  under  a  German  trench  to  encourage  the 
men  at  work  and  to  listen  at  the  end  of  the  gallery  to  the  subterranean 
noises  coming  from  the  enemies  working.  He  left  a  widow  and  three 
children,  Charles,  born  in  1909,  Pierre,  born  in  1911,  and  H^lfene. 

In  a  recent  letter,  Col.  Stephen  Sewell,  17th  Engineers  Railway, 
A.  E.  F.,  France,  says  "There  are  many  families  in  France  impoverished 
by  the  war  in  which  the  children  stand  little  chance  of  being  educated 
and  trained  for  the  station  in  life  for  which  they  are  fitted  by  birth 
and  breeding.  I  grew  up  in  the  South  after  our  Civil  War  and  knew 
many  families  in  which  one  generation  had  to  go  through  a  gruelling 
struggle  with  deterioration  of  individuals  who,  had  they  been  educated, 
would  have  held  themselves  on  a  higher  plane.  There  is  a  field  where 
any  amount  of  money,  great  or  small,  could  be  expended  to  advantage 
in  helping  France  to  maintain  the  natural  leadership  of  the  race.^' 

A  widow  whose  children  have  been  helped  writes,  "In  this  atrocious 
war  the  widows  have  known  all  the  moral  tortures  of  the  mind  and  soul 
which  human  beings  can  suffer." 

Members  of  the  Institute  who  can  aid  in  the  educating  of  children 
of  the  French  engineers  who  so  freely  gave  their  lives  for  us  are  urged 
to  communicate  directly  with  the  American  Ouvroir  Funds,  681  Fifth 
Ave.,  New  York  City. 


WOMAN'S  AUXILIARY 

CENTRAL  EMERGENCY  COMMITTEE 

Chairman,  Mrs.  H.  N.  Spicer 

As  no  further  requisition  will  be  made  for  knitted  garments  for  the 
boys  of  the  27th  Engineers,  all  completed  garments  and  wool  have  been 
collected  and  returned  to  Mr.  W.  R.  Ingalls,  and  the  activities  of  the 
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Emergency  Committee  have  ceased.  Columbia  Section  of  the  A.  I. 
M.  E.,  Spokane,  Wash.,  Mrs.  F.  Keffer,  Chairman,  donated  20  pairs 
of  socks  and  2  sweaters. 

CENTRAL  FOREIGN  WAR  RELIEF  COMMITTEE 

Chairman,  Mrs.  H.  H.  Knox 

Sufficient  funds  have  been  received  and  transmitted  to  the  American 
Fund  for  French  Wounded  to  maintain  one  dispensary  for  women  and 
children  in  the  war  zone  of  France,  and  $1400  is  on  hand  for  the  estab- 
lishment of  a  second. 

At  the  October  meeting  the  Secretary  was  instructed  to  send  a  letter 
to  Mrs.  H.  H.  Knox,  who  has  been  compelled,  by  illness,  to  resign 
her  office  of  chairman,  conveying  the  sympathies  of  the  members  in  her 
illness;  also  a  letter  to  .Mrs.  Pauline  Sands  Lee  thanking  her  for  her 
services  as  speaker  at  the  various  meetings  held  to  raise  funds  for 
the  dispensaries. 

The  Committee  proposes  an  Engineers'  afternoon,  once  a  week,  at  the 
headquarters  of  the  A.  F.  F.  W.,  73  Park  Avenue,  where  women  whose 
interests  are  with  the  mining  profession  might  join  in  sewing  for  the  dis- 
pensary, provided  a  sufficient  number  of  workers  can  be  pledged.  The 
result  of  this  campaign  will  be  reported  next  month. 


HOUSING  OF  LABOR  AND  SANITATION  AT  MINES  IN  INDIA* 

The  housing  of  labor  and  sanitation  at  mines  in  India  are  difficult 
problems  to  solve  because  no  more  than  two  or  three  castes  will  accept 
the  same  conditions,  and  conditions  suitable  to  one  coal  field  are  not 
applicable  to  other  fields.  It  is  also  necessary  to  consider  the  financial 
standing  of  the  different  companies.  The  European  companies,  which 
pay  30  per  cent,  and  more  dividends,  can  erect  more  suitable  houses  than 
the  Indian  companies,  which  are  just  able  to  keep  their  heads  above 
water. 

The  San  thai  will  not  live  in  a  bucca-roofed  house  as  a  permanent  dwell- 
ing, and  both  the  Santhal  and  Koras  have  an  aversion  to  Uving  in  a  line 
of  attached  huts.  They  have  forsaken  a  whole  line  of  houses  in  one  of 
which  a  case  of  sickness  or  death  has  occurred,  and  those  houses  were 
afterward  considered  unfit  by  all  other  classes  of  natives.  The  Santhals, 
Koras,  and  Douri  castes  will  not  take  drinking  water  from  a  stand  pipe; 
wells  must  be  furnished.  When  well  water  is  not  available,  these  people 
will  take  water  from  the  nearest  pool  or  tank  regardless  of  whether  or 
not  the  water  is  stagnant.  The  well  tops  should  not  be  completely  en- 
closed, nor  should  there  be  a  drain  around  the  top.  The  ground  should 
slope  away  from  the  well. 

In  the  Girieih  coal  fields,  the  miners  have  a  great  objection  to  pucca 
floors;  they  prefer  earth  which  is  lapped,  easily  cleaned,  and  renewed. 
As  it  is  customary  for  the  miner  to  build  his  own  house,  the  company 
supplying  the  roofing  material,  he  takes  a  special  interest  in  it,  keeps  it 
in  order,  and  hesitates  to  leave  it.  Each  house  is  surrounded  by  its  own 
bit  of  land,  which  the  inmate  cultivates. 

*  Abstract  from  Trans.,  Mining  and  Geological  Institute  of  India,  April,  1918. 
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PRODUCTION  OF  n^ON  ORE  AND  PIG  IRON  IN  1917 

Statistics  compiled  by  the  United  States  Geological  Survey  show  that 
the  iron  ore  mined  in  the  United  States  in  1917  reached  a  total  of  75,288,- 
851  gross  tons,  exceeding  the  former  record  output  of  1916  by  121,179 
tons.  The  shipments  from  the  mines  in  1917  were  75,  573,181  gross  tons, 
valued  at  $238,260,333,  a  decrease  in  quantity  of  2,297,372  tons,  or 
2.95  per  cent.,  and  an  increase  in  value  of  $56,358,056,  or  30.98  per  cent., 
over  the  shipments  in  1916.  The  average  value  per  ton  at  the  laines  for  all 
grades  of  ore  in  1917  was  $3.15  as  against  $2.34  in  1916.  Stocks  of  iron 
ore  at  mines,  mainly  in  Minnesota  and  Michigan,  amounted  at  the  close 
of  1917  to  10,628,908  gross  tons,  compared  with  10,876,352  gross  tons 
in  1916. 

The  quantity  of  pig  iron,  exclusive  of  ferro-alloys,  sold  or  used  in 
1917,  according  to  reports  of  producers  to  the  United  States  Geological 
Survey,  amounted  to  38,612,546  gross  tons,  valued  at  $1,053,785,975, 
compared  with  39,126,324  gross  tons,  valued  at  $663,478,118  in  1916, 
a  decrease  of  1.32  per  cent,  in  quantity  and  an  increase  of  59  per  cent,  in 
value.  The  average  price  per  ton  at  furnaces  in  1917,  as  reported  to  the 
Survey,  was  $27.29,  compared  with  $16.96  in  1916,  an  increase  of  61  per 
cent.  The  production  of  pig  iron,  including  ferro-alloys,  was  38,647,397 
gross  tons  in  1917,  compared  with  39,434,797  gross  tons  in  1916,  a  de- 
crease of  4.5  per  cent.,  according  to  figures  published  by  the  American  Iron 
and  Steel  Institute,  March  18,  1918. 


CONSULS  NEEDED  FOR  OUR  MERCHANT  MARINE 

Our  merchant  marine  is  rapidly  outgrowing  our  consular  service, 
according  to  Edward  N.  Hurley,  Chairman  of  the  United  States  Shipping 
Board,  who  urges  that  steps  be  taken  immediately  to  provide  facilities 
abroad  for  handling  the  millions  of  tons  of  shipping  which  will  be  afloat 
under  the  American  flag  in  peaceful  trade  when  the  war  is  over.  When 
peace  is  restored  and  our  present  tonnage  is  scattered  over  world  trade 
routes,  the  consular  service  will  be  inadequate  to  handle  our  ships.  Be- 
sides, it  will  have  to  work  against  the  handicaps  of  obsolete  shipping 
regulations  and,  in  many  cases,  lack  of  experience.  There  are  nearly  100 
pages  in  the  United  States  consular  regulations  dealing  with  shipping 
matters.  Many  of  these  regulations  are  based  on  old  treaties  and 
many  of  them  are  obsolete.  There  are  also  differences  between  treaties 
with  various  countries.  Our  consuls  often  lack  authority  to  handle 
nxatters  involving  the  interests  of  our  sailors  and  shipowners.  Before  we 
can  operate  a  modern  merchant  marine  we  must  revise,  standardize, 
and  simplify  this  whole  mass  of  regulations  and  bring  them  up  to  the 
eflBciency  of  other  nations'  practice. 


GOVERNMENT  CONTROL  OF  MINERALS 

Congress  has  authorized  the  President  to  control  the  supply  and 
distribution  of  the  following:  Antimony,  arsenic,  ball  clay,  bismuth, 
bromine,  cerium,  chalk,  chromium,  cobalt,  corundum,  emery,  fluorspar, 
ferrosilicon,  fullers'  earth,  graphite,  grinding  pebbles,  iridium,  kaolin, 
magnesite,  manganese,  mercury,  mica,  molybdenum,  osmium,  sodium, 
platinum,  palladium,  paper  clay,  phosphorus,  potassium,  pyrites,  radium, 
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sulphur,  thorium,  tin,  titanium^  tungsten,  uranium,  vanadium,  and  zir- 
conium. It  appropriated  fifty  thousand  dollars  toward  the  expense 
of  the  organization  necessary  to  carry  out  its  provision,  and  fifty  mil- 
lion dollars  as  a  revolving  fund.  This  control  terminates  two  years  after 
the  end  of  the  war. 


RAILROAD  CUT-OFF  SPEEDS  UP  TRANSPORT  TO  FRONT 

By  coinpleting  a  double-track  railroad  cut-oflf,  involving  a  large  vol- 
ume of  cut  and  fiU,  in  addition  to  a  half-mile  bridge  spanning  an  impor- 
tant French  river,  engineers  in  the  zone  of  the  Services  of  Supply  have 
opened  up  a  route  by  means  of  which  hours  of  valuable  time  are  b^ng 
saved  in  transporting  men  and  materials  to  combat  areas.  Its  most 
valuable  feature  is  that  it  provides  a  means  for  by-passing  a  certain  city 
where  several  French  railroad  lines  converge  and  where,  consequently, 
congestion  of  traffic  has  been  responsible  for  delayed  train  movements. 
To  avoid  a  double-track  tiu*nout,  which  would  have  involved  a  cross-over 
cutting  one  of  the  French  tracks,  the  two  track  connections  of  the  cut-off 
are  taken  off  from  opposite  sides  of  the  French  right-of-way.  This 
involved  running  one  of  the  new  lines  of  the  cut-off  out  from  the  main  line 
track  on  a  fill  to  a  point  where  it  could  be  brought  back  and  over  the 
French  track  on  a  steel  girder  bridge.  Beyond  this  bridge  the  two  tracks 
of  the  cut-off  converge  and  straighten  out  in  the  standard  type  of  double- 
track  construction. 

The  new  cut-off  is  about  5^  mi.  (9  km.)  long  and  has  required 
160,000  cu.  yd.  of  cut  (122,329  cu.  m.)  and  414,000  cu.  yd.  (316,527  cu. 
m.)  of  fill.  In  the  biggest  continuous  fill  a  yardage  of  180,000  has  been 
placed,  the  road-bed  in  this  section  being  about  40  ft.  (12  m.)  above  the 
original  ground  surface.  The  bridge  portion  of  the  cut-off,  2190  ft. 
(667.5  m.)  long,  is  made  up  of  ninety-nine  14-ft.  (4.3  m.)  timber  spans 
and  sixteen  50-ft.  (15.3  m.)  steel  girder  spans.  This  is  the  longest  bridge 
which  engineers  of  the  American  Expeditionary  Forces  have  built  in  France. 
The  timber  spans  are  supported  by  pile  trestle  bents,  while  the  longer 
steel  girders  rest  on  clusters  of  43  piles.  Two  pile  drivers  of  the  steam- 
hammer  type  worked  from  each  end  of  the  bridge  toward  the  center  of 
the  river,  while  a  drop  hammer  worked  westward  from  the  shore  end. 
In  this  structure  nearly  two  thousand  piles  50  ft.  or  so  in  length  had  to 
be  driven. 

DIED  IN  SERVICE 

Bailey,  Lewis  Newtoni  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  April  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on  the 
battlefield  in  1915. 

Ballamy,  John  H.,  Capt.,  103d  Engineers,  killed  in  action  near  Fismes, 
Aug.  9,  1918. 

Bowles,  Martin  F.,  2d  Lieut.,  Co.  B,  355th  Infantry,  killed  in  action, 
Sept.  3,  1918. 

Burt,  Andrew,  died  in  active  service,  1916. 

Cobeldick,  William  Morley,  Royal  Engineers,  died  from  gas  poisoning 
on  Oct.  7,  1915. 
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Dougally  Ralph,  4th  University  Oo.^  Princess  Patricia  Regiment, 
killed  in  action  early  in  the  war. 

Evans,  Alfred  Winter,  Lieut.-Col.,  New  Zealand  Rifle  Brigade,  D. 
S.  O.,  D.  C.  M.,  killed  in  action  on  Oct.  12,  1917. 

Gordy,  Sheppard  B.,  died  in  service,  Oct.  9,  1918. 

Gorman,  Thomas  C,  Lieut.,  Canadian  Engineers,  kiUed  in  France, 
Mar.  18,  1918. 

Hague,  William,  1st  Lieut.,  Engineer  Officers'  Reserve  Corps,  died  in 
active  service,  Jan.  1,  1918. 

Hall,  Willian  T.,  Capt.,  Royal  Flying  Corps,  killed  in  action.  May 
19,  1917. 

Heine,  Bernhardt  £.,  Lieut.,  Aviation  Service,  died  from  accident  at 
Fort  Sill,  Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  Uth  Engineers,  A.  E.  F.,  died  July  26, 
1918,  while  on  active  service  in  France. 

Perry,  Edward  H.,  1st  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
Expeditionary  Forces,  France,  killed  in  action  on  March  30,  1918. 

Pretyman,  Frank  Remington,  2d  Lieut.,  Royal  Engineers,  killed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.,  Royal  Engineers,  B.  E.  F.,  232d  Army  Troops 
Co.,  killed  in  action. 

Singlund,  Soren,  Medical  Department,  Fort  Logan,  Colo.,  died  sud- 
denly in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aeroplane 
accident  in  England  on  May  25,  1918. 


NEWS  FROM  MEMBERS  IN  SERVICE 

Thomas  H.  Beddall,  so  we  are  informed  by  Major  J.  B.  Carlock,  has 
been  promoted  and  is  now  Adjutant  of  the  1st  Battalion,  1st  Gas  Regi- 
ment.    He  was  awarded,  last  summer,  the  Croix  de  Guerre. 

R.  A.  Bull.    See  letter  in  Proceedings  of  Milwaukee  Meeting. 

Captain  Stanley  C.  Bullock's  record  since  entering  the  service  is 
given  as  follows  in  a  letter  recently  received  from  Mrs.  Bullock: 

Resigned  position  of  mine  manager  in  Chile  in  November,  1915, 
to  return  to  England  to  obtain  commission  in  Royal  Engineers. 

Joined  Officers'  Training  Corps,  Dec.  20,  1915. 

Commission  gazetted,  Jan.  27,  1916,  2d  Lieut.,  R.  E. 

Landed  in  France,  Feb.  6,  1916.  Posted  to  179th  Tunnelling  Co., 
R.  E.  Took  part  in  following  battles:  Sonmie,  1916;  Ypres,  1917;  Arras, 
1917;  Somme,  March  and  July,  1917;  Messines,  1917. 

Gazetted:  Acting  Captain,  July  11,  1916;  Temp.-Lieutenant,  Oct. 
26,  1916;  Captain,  Sept.  29,  1918. 

Awarded  Military  Cross,  Jan.  1,  1918,  for  conspicuous  bravery  and 
devotion  to  duty  under  a  heavy  enemy  gas  bombardment,  when,  by  his 
example  and  perseverance  in  spite  of  every  difficulty  and  obstacle,  min- 
ing work  was  successfully  completed  which  was  vital  for  the  success  of 
the  operations.  The  Cross  was  presented  to  Capt.  Bullock  by  the  King, 
on  Sept.  25,  1918. 

First  Lieut  J.  J.  Cadot,  in  a  letter  sent  to  Mr.  H.  W.  Hardinge  from 
France,  says  he  has  been  at  the  'Tront."  He  also  mentions  that  the 
Boche  "is  a  good  sprinter." 
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J.  B.  Carlock  has  been  commissioned  a  Major  of  the  2d  Battalion^ 
1st  Gas  Regiment,  and  has  been  awarded  the  Croix  de  Guerre. 

Harlowe  HardingCi  in  a  letter  to  his  father,  says  that  he  has  been 
advanced  from  1st  Lieutenant  to  Captain,  in  the  Signal  Corps.  During 
the  course  of  his  work  as  a  Radio  Signal  Officer,  he  was  sent  to  England, 
and  upon  his  return  to  France,  was  made  director  of  his  particular 
division. 

Second  Lieut.  William  J.  Hill,  in  a  very  interesting  letter,  gives  us 
the  following  information : 

At  the  present  writing,  I  am  assigned  and  attached  for  duty  with  the 
Field  Artillery  Central  Officers'  Training  School  at  Louisville,  Ky.,  as  an 
instructor  in  Field  Artillery  of  Officers  in  the  Making.  In  the  firist  place, 
the  Candidates,  as  the  students  are  called,  come  from  different  branches  of 
the  service  and  from  all  walks  of  life.  In  few  words,  this  school  is  one 
great  big  melting  pot,  including  among  its  students  some  well-known 
big  men  of  the  country. 

Upon  entering  the  school,  the  candidate  is  placed  in  what  is  known 
as  the  Observation  Batteries.  Here  he  gets  his  first  taste  of  discipline  if 
he  is  from  civiUan  life;  and  a  taste  such  as  he  never  realized  before  if  he  is 
from  some  arm  of  the  service.  He  is  disciplined  from  morning  until  he 
goes  to  bed  at  night.  Besides  the  discipline,  he  is  taught  military  cour- 
tesy, dismounted  drill,  mathematics,  and  given  plenty  of  exercise  to  fit 
him  physically  for  the  more  strenuous  training  he  will  receive  when  trans- 
ferred to  a  training  battery.  While  in  the  observation  battery,  the  man 
is  sized  up  by  capable  officers  as  to  his  abiUty  to  make  a  good  field  ar- 
tillery officer.  As  soon  as  he  shows  he  is  right,  he  is  sent  to  the  training 
battery;  and  he  is  given  one  month,  if  need  be,  to  show  that  he  has  the 
necessary  requisites. 

The  course  in  the  training  batteries  requires  twelve  weeks  to  complete, 
and  during  this  time  men  work  as  they  never  worked  before  in  their  lives. 
Immediately  the  work  consists  of  field  artillery,  and  for  five  days  a  week 
the  candidate  gets  up  at  Reveille  at  5:30  A.  M.  and  attends  classes  and 
drills  until  Recall  at  4 :  30  P.M.,  having  one  hour  at  noon  for  dinner.  The 
.other  work  of  the  day  consists  of  two  hours  study  in  the  evening  from 
7:00  to  9:00  P.M.  To  give  you  some  idea  of  the  large  curriculum  of 
subjects  to  be  covered,  I  shall  mention  some  of  them:  Administration, 
Anti-gas,  Care  and  Training  of  Horses,  Driving  and  Riding,  Communica- 
tion, Conduct  of  Fire,  Gunnery,  Fire  Discipline,  Material,  Motors  and 
Tractors,  Reconnaissance,  Topography  and  Artillery  Boards,  and 
Physical  Training.  Certain  hours  each  day  are  spent  on  the  different 
subjects,  and  assignments  each  night  for  study  cover  the  lessons  for  the 
following  day.  Then  as  Saturday  comes  around,  there  are  examinations 
on  the  different  subjects  covered  during  the  week. 

From  Saturday  noon  until  Sunday  evening,  the  candidate  is  on  his 
own  unless  he  happens  to  be  one  of  the  luckless  men  who  are  put  on  guard 
duty  or  some  fatigue  party.  But  even  though  the  men  are  allowed  their 
week  ends  in  Louisville,  they  are  under  the  constant  vigilance  of  their 
instructors.  In  order  to  keep  them  alert  and  on  their  toes  continually, 
each  man  is  issued  a  small  card  with  his  name  and  battery.  This  card 
is  known  as  a  Conduct  Card,  and  for  the  least  infraction  of  rules  and  regu- 
lations of  military  courtesy  or  conduct  of  a  soldier  the  card  can  be 
taken  up  by  an  officer  and  the  candidate  returned  to  camp  immediately. 
The  card  is  then  turned  into  Headquarters  by  the  officer  who  took  it  up, 
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with  the  reasons  written  on  it.  The  candidate,  in  order  to  regain  posses- 
sion of  his  card,  must  explain  his  actions  before  a  board  of  officers. 

At  the  end  of  the  twelve  weeks,  the  candidates  have  a  firm  foundation 
in  the  rudiments  of  field  artillery;  and  those  who  have  completed  their 
work  satisfactorily  are  given  their  commissions  and  assigned  to  regiments 
all  over  the  country.  Then  their  work  begins  in  training  the  great 
armies  which  we  are  sending  to  France;  and  in  course  of  time  they  get 
their  big  chance  at  wiping  the  Hun  off  of  the  map. 

Just  a  few  words  before  closing  regarding  the  officers  who  are  instruct- 
ing in  this  great  school.  Their  day's  work  begins  with  the  candidates,  but 
you  will  find  them  busy  at  their  desks  in  their  quarters  sometime  long 
after  the  candidates  are  in  bed,  figuring  out  how  to  explain  a  certain 
piece  of  mechanism  or  problem  in  firing  data  so  the  student  will  grasp  it 
most  easily  the  next  day.  In  truth,  their  work  is  never  completed. 
And  we  are  all  aching  for  the  chance  to  go  "Over  There"  and  there  is  a 
persistent  rumor  around  that  we  are  going  to  get  it. 

Major  W.  Waters  Van  Ness  of  the  Royal  Engineers  has  been  twice 
mentioned  in  despatches  by  the  Commander  in  Chief  for  work  during 
the  Battle  of  the  Somme  and  the  Battle  of  Pashendale  Ridge. 


ADDITIONAL  LIST  OF  MEMBERS  OF  THE  INSTITUTE 

IN  MILITARY  SERVICE 


(The  following  list  contains  the  names  of  those  members  of  the  Institute  of  whose 
connection  with  military  service  we  have  only  recently  become  acouainted;  it  also 
includes  the  names  of  a  few  who  have  recently  been  promoted  or  transferred,  indicated 
by  a  *.  A  complete  list  was  published  in  the  Year  Book,  issued  as  a  supplement  of 
the  BuUetin  for  March,  191S.) 

Anderson,  Amil  A.,  Co.  A,  309th  Regiment  Engineers,  84th  Div., 
American  E.  F.,  Care  Postmaster,  New  York. 

Armstrong,  Harold  K.,  Pilot,  Naval  Aviation,  U.  S.  Naval  Air 
Station,  Miami,  Fla. 

Bassett,  Arthur  F.,  Co.  6,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

Beddall,  Thomas  H.,  Adjutant,  1st  Battalion,  1st  Gas  Regiment, 
American  E.  F. 

Bernard,  Clinton  P.,  Candidate,  12th  Observation  Battery,  F.  A. 
C.  O.  T.  S.,  Camp  Taylor,  Ky. 

Brooke,  Lionel,  50th  Co.,  13th  Battalion,  5th  Replacement  Engi- 
neers, Camp  Gordon,  Ga. 

Browning,  Edward,  Corp.,  1st  Regiment  Engineers,  Co.  D,  Ameri- 
can E.  F. 

BuQBEE,  Edward  E.,  S.  A.  T.  C.  Headquarters,  Raleigh  N.  C. 

BuTTERPiELD,  G.  Bruce,  Co.  C,  605th  Engineers,  American  E.  F. 

Cadot,  J.  J.,  1st  Lieut.,  U.  S.  Air  Service,  American  E.  F.,  Care  Post- 
master, New  York. 

Carlock,  J.  B.,  Major,  2d  Battalion,  1st  Gas  Regiment,  American 
E.  F.,  France. 

Carpenter,  M.  E.,  429th  Engineers,  Fort  Sill,  Okla. 

Claghorn,  C.  R.,  Lieut.,  U.  S.  Naval  Reserve  Force. 

Claghorn,  James  L.,  Lieut.,  Aviation  Section,  Signal  Corps,  U.  S. 
Army,  Gerstner  Field,  La. 

Clark,  George  B.,  Capt.,  Engineers,  Camp  Funston,  Kans. 

Clarke,  Alexander  Fielder,  U.  S.  Naval  Aviation  Service. 
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.  Corby,  Harry  G.,  Ist  Lieut.,  Com.  Co.  D,  109th  Supply  Train, 
American  E.  F.,  France,  via  New  York  City. 

Crispell,  C.  W.,  Specification  Section,  Bureau  of  Aircraft  Produc- 
tion (formerly  Signal  Corps),  Dayton,  Ohio. 

Davy,  William  M.,  Ensign,  Naval  Aviation  Detachment,  Mass.  In- 
stitute of  Technology,  Cambridge,  Mass. 

DeCamp,  W.  v.,  Lieut.,  428th  Engineers,  Camp  Cody,  N.  M. 

Dick-Clbland,  a.  F.,  Major,  170th  Co.,  Royal  Engineers,  British 
E.  F. 

Erdofy,  Maxwell  E.,  2d  Lieut.,  602d  Engineers,  Co.  C,  American 
E.  F. 

Garrison,  Murray  E.,  Flying  Cadet,  5th  Cadet  Squadron,  Elling- 
ton Field,  Houston,  Tex. 

Gaitthibr,  Charles  B.,  United  States  MiUtary  Service. 

GooDALE,  Stephen  L.,  Capt.,  Ordnance  U.  S.  A.,  Bureau  of  Mines 
Bldg.,  Pittsburgh,  Pa. 

Greenwood,  C.  L.,  Lieut.,  Aero  Squadron,  Barracks  52,  Ellington 
Field,  Houston,  Tex. 

Grimes,  John  A.,  1st  Lieut.,  Interpretation  and  Reports  Section, 
Ordnance  Dept.,  Washington,  D.  C, 

Hardinge,  Harlowe,  Capt.,  Signal  Corps,  U.  S.  R. 

Hartley,  Burton,  Capt.,  45th  Artillery,  C.  A.  C,  37th  Brigade, 
C.  A.  C,  American  E.  F. 

Hayes,  F.  H.,  Major,  Army  General  Staff  College,  A.  P.  O.  714, 
American  E.  F. 

Hill,  William  J.,  2d  Lieut.,  11th  Training  Battery,  F.  A.  C.  O.  T.  S., 
Camp  Zachary  Taylor,  Ky. 

Hook,  J.  S.,  Lieut.,  Headquarters  First  Unit,  Wilbur  Wright  Field, 
Dayton,  0. 

Howell,  Jesse  V.,  16th  Training  Battery,  F.  A.  C.  O.  T.  S.,  Camp 
Taylor,  Ky. 

Ingle,  Hugh  C,  472d  Engineers,  Care  Carter's  Villa,  Red  Bank,  N.  J. 

Johns,  A.  L.,  434th  Engineers,  Camp  Kearny,  Cal. 

Keyes,  Harmon  E.,  Artillery  Branch,  U.  S.  Army. 

King,  Rowland,  1st  Lieut.,  Engineers,  Camp  Headquarters,  Camp 
A.  A.  Humphreys,  Va. 

KiTsoN,  H.  W.,  Ensign,  U.  S.  S.   "Delaware,"  U.  S.  Navy,  Care  Post- 
master, New  York. 

Koch,  Hugo  E.,  Pvt.,  Enlisted  Ordnance  Corps,  U.  S.  A.,  Watertown 
Arsenal,  Watertown,  N.  Y. 

Laroque,  F.,  Cadet,  Royal  Air  Force. 

Lasner,  David,  Chemical  Warfare  Section,  U.  S.  A.,  Edgewood 
Arsenal,  Md. 

Lathrop,  Lloyd  J.,  Lieut.,  529th  Engineers,  American  E.  F. 

Levy,  Milton  M.,  Ist  Lieut.,  315th  Engineers,  Camp  Travis,  Tex. 

Lewis,  C.  R.,  Candidate,  Co.  D,  Candidates'  School,  Fort  Monroe,  Va. 

LiNDHOLM,  Milton  S.,  Lieut.,  Co.  C,  109th  Engineers,  American  E.  F. 

LuTTs,  Carlton  G.,  Met.,  Boston  Navy  Yard,  Boston,  Mass. 

McCarthy,  Edward  Prosper,  Capt.,  Co.  2,  E.  O.  T.  S.,  Camp 
Humphreys,  Va. 

Macy,  G.  D.,  33d  Training  Battery,  F.  A.  C.  0.  T.  S.,  Camp  Taylor, 
Ky. 

Mahoney,  John  J.,  Pvt.,  Co.  D,  39th  Machine  Gun  Battahon,  Camp 
Lewis,  Wash. 
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Marble,  Ralph  N.,  Jr.,  Lieut.  Comdr.,  U.  S.  Navy,  The  Marl- 
borangh,  917  18th  St.,  N.  W.,  Washington,  D.  C. 

Marshall,  Emory  M.,  Lieut.,  Ordnance  Dept.,  American  E.  F.,  Care 
Postmaster,  New  York. 

Martin,  Curtis  Frank,  American  E.  F.,  France. 

Matthias,  Maximilian  P.,  Lieut.,  Ordnance  Dept.,  U.  S.  A.,  184 
Nesmith  St.,  Lowell,  Mass. 

Miller,  Donald  G.,  Major,  4th  Engineers  Training  Regiment,  Camp 
Humphreys,  Va. 

Miller,  Walter  Byron,  Capt.,  Engineers,  U.  S.  Army. 

Moses,  Pbrcival  Sneed,  Lieut.,  Quartermasters  Dept.,  Embarkation 
Office,  American  E.  F. 

MtJNROE,  Charles  E.,  Chairman,  Committee  on  Explosives  Investi- 
gation, National  Research  Council,  Washington,  D.  C. 

Murphy,  William  J.,  2d  Lieut.,  5th  Prov.  Battalion,  Fort  Benj. 
Harrison,  Ind. 

Negru,  Jacques  S.,  Spr.  2504000,  9th  Battalion,  Canadian  R.,  R. 
Troops,  Canadian  E.  F. 

pTTO,  J.  F.,  38th  Co.,  10th  Battalion,  Camp  Upton,  N.  Y. 

OvERPECK,  Areli  C,  Capt.,  Engineers  R.  C. 

Parsons,  George  H.,  Chemical  Warfare  Section,  Gas  Defense  Div., 
Astoria,  L.  L 

Powell,  D.  A.,  2d  Lieut.,  Coast  Artillery  Corps,  U.  S.  A.,  62  South, 
Ft.  Monroe,  Va. 

Price,  John  M.,  2d  Lieut.,  A.  S.,  Military  Aeronautics,  Ft.  Sill,  Okla. 

Skirm,  Joseph  G.,  U.  S.  Army  Service. 

Smith,  Frank  A.,  Corp.,  2d  Batt.  Det.,  C.  C.  W.  S.,  Edgewood,  Md. 

Stanley,  James,  Major,  Army  Service  Corps,  A.  P.  O.,  S.  7,  British 
E.  F.,  France. 

Steidle,  Edward,  Capt.,  Co.  D,  30th  Engineers,  American  E.  F., 
Care  Postmaster,  New  York. 

Stewart,  John  S.,  Co.  1A,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

Stewart,  M.  B.,  2d  Lieut.,  P.  A.,  U.  S.  Army. 

Teas,  Pierson,  2d  Lieut.,  U.  S.  A.,  Aberdeen  Proving  Grounds,  Md. 

Van  Ness,  W.  Waters,  Major,  Royal  Engineers,  O.  C.  238,  Light 
Regimental  Forward  Co.,  R.  E.,  British  E.  F.,  France. 

Walter,  Raymond  A.,  Capt.,  C.  O.  Co.  B,  70th  Engineers,  Ft. 
Douglas,  Utah. 

WiEGAND,  August  John,  United  States  Army. 

y/^TLLETB,  Robert  H.,  1st  Lieut.,  General  Engineer  Depot,  Munitions 
Bldg.,  Room  2830,  19th  &  B  Sts.  N.  W.,  Washington,  D.  C. 

Williams,  Edward  I.,  Lieut.,  66. South,  Fort  Monroe,  Va. 

Williams,  P.  T.,  Lieut.,  6th  Reserve  Battalion,  Royal  Engineers, 
Irvine. 

Wise,  Alfred  L.,  Ensign,  U.  S.  N.  R.  F.,  Reserve  OflScers'  Quarters 
A,  Room  432,  U.  S.  Naval  Academy,  Annapolis,  Md. 

WissER,  Edward  Hollister,  2d  Lieut.,  319th  Engineers,  American 
E.  F.,  Care  Postmaster,  New  York. 

WoLPARD,  O.  L.,  Lieut.  Comdr.,  U.  S.  S.  "New  Mexico,"  U.  S.  Navy, 
Care  Postmaster,  New  York. 

Wright,  W.  Ryer,  1st  Lieut.,  Ordnance  Dept.,  Inspection  Div., 
(Explosives  Section,  New  York. 

Yardlet,  John  L.  McK.,  Capt.,  Co.  B,  Engineers  Tr.  Regiment, 
Camp  Humphreys,  Va. 
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PERSONAL     . 

The  following  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  Oct.  10, 1918  to  Nov.  10, 1918. 


J.  Carson  Adkerson,  Yirffinia. 
Andrew  B.  Armstrong,  Connecticut. 
Coortenay  DeKalb,  San  Francisco. 
Clifford  G.  Dennis,  San  Francisco. 
Rudolph  Emmel,  Boston,  Mass. 
Emil  Gathmann,  Baltimore,  Md. 
Ernest  S.  Geary,  Denver,  Colo. 
W.  B.  Hopper.  Washington,  D.  C. 
W.  Spencer  Hutchinson,  Boston,  Mass. 
E.W.  Kohl,  Jr.,  Philadelphia,  Pa. 
£.  C.  Nighman,  Butte,  Mont. 


George  H.  Parsons,  Hayden,  Ariz. 
W.  E.  Pomeroy,  New  York. 
Ezra  C.  Rider,  Bisbee,  Aiiz. 
H.  W.  Seaman,  Chicago,  111. 
William  Allen  Smith,  Northampton. 
R.  K.  Stockwell,  Salt  Lake  City,  Utah. 
W.  G.  Swart,  Duluth,  Minn. 
Eirby  Thomas,  New  York. 
Warren  D.  Thompson,  Harvard  Club. 
H.  Vincent  Wallace,  Los  Angeles,  Cal. 


Paul  T.  Benson,  formerly  with  the  Tacoma  smelter,  has  resigned 
his  position  there  to  accept  one  with  the  Great  Metals  Mining  and  Mill- 
ing Co.  at  Nespelem,  Wash. 

Ihrof .  Edward  E.  Bugbee,  of  the  Mining  Department  of  the  Massachu- 
setts Institute  of  Technology,  has  been  granted  a  leave  of  absence  to  ac- 
cept the  position  of  Assistant  Director  of  Education  for  the  S.A.T.C. 
of  five  southern  states  with  headquarters  at  Raleigh,  N.  C. 

A.  R.  Campbell  is  now  assistant  to  the  secretary  of  the  Lead  Producers 
Committee  for  War  Service,  with  oflSices  at  61  Broadway,  New  York  City. 

Walter  N.  Crafts  is  now  assistant  general  superintendent  of  the  Brit- 
ish Forgings  Ltd.  at  Toronto,  Canada. 

George  Crerar  is  now  in  charge  x)f  the  Dayton  Placer  Recovery 
Corporation  at  Dayton,  Nev. 

Erie  V.  Daveler  has«left  the  Alaska  Gastineau  Mining  Co.  to  become 
mill  superintendent  of  the  Butte  &  Superior  Mining  Co.  at  Butte,  Mont. 

Francis  N.  Fljmn  is  now  located  at  Newark,  N.  J.,  as  assistant  general 
superintendent  of  the  Balbach  Smelting  &  Refining  Co. 

Walter  E.  Gaby  has  opened  an  office  at  208  Douglas  Ave.,  Salt  Lake 
City,  where  he  will  engage  in  engineering  geological  work.  For  the  past 
year,  Mr.  Gaby  has  been  connected  with  the  Nevada-Douglas  Cons. 
Copper  Co.  in  the  Yerington  Dist.,  and  is  still  retained  by  that  company 
in  a  consulting  capacity. 

C.  J.  Hall  has  resigned  his  position  with  the  Garfield  Smelting  Co. 
of  Garfield,  Utah,  and  is  now  with  the  Copper  Queen  Reduction  Works 
at  Douglas,  Ariz. 

W.  H.  Harris  has  accepted  the  position  of  superintendent  of  the  Bush 
Mine,  Stewart,  B.  C. 

E.  C.  Hickman,  metallurgist,  formerly  with  the  American  Smelting 
&  Refining  Co.  at  Murray,  Utah,  is  now  assistant  superintendent  with  the 
St.  Joseph  Lead  Co.  at  Herculaneum,  Mo. 

Clemence  W.  Hippard  is  at  present  on  the  staff  of  the  University  of 
Illinois,  Urbana,  111.,  as  graduate  research  assistant.  Engineering  Experi- 
ment Station,  Department  of  Mining,  with  offices  at  211  Transportation 
Building. 

Brian  H.  Hooker  is  now  connected  with  the  Commonwealth  Bureau 
of  Census  and  Statistics  with  offices  at  Rialto,  Collins  Street,  Melbourne, 
Australia. 

Albert  J.  Houle  has  severed  his  connection  as  Professor  of  Metal- 
lurgy with  the  Michigan  College  of  Mines  at  Houghton,  Mich. 
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Olaf  P.  Jenkins  has  changed  his  position  from  assistant  professor  of 
economic  geology  at  the  State  College  of  Washington  to  geologist  of  the 
Arizona  Bureau  of  Mines,  University  of  Arizona,  Tucson,  Ariz. 

Edward  K.  Judd,  for  the  past  year  managing  editor  for  this  Institute, 
has  resigned  to  take  a  position  in  the  operating  department  of  the  Ameri- 
can Metal  Co.,  61  Broadway,  New  York. 

Frank  A.  Kennedy  has  resigned  as  general  superintendent  of  Butler 
Bros,  mine,  Mesabi  Iron  Range,  to  go  into  consulting  practice,  with 
offices  at  1006  Alworth  Building,  Duluth,  Minn. 

Oscar  Lachmund,  having  resigned  his  position  as  general  manager  of 
the  Canada  Copper  Corporation,  Ltd.,  will  engage  in  private  engineering 
practice  at  Spokane,  Wash.,  in  Room  822  of  the  Paulsen  Building. 

J.  B.  Lain,  formerly  at  Columbia  University,  New  York,  is  now  at 
Latouche,  Alaska,  as  mill  superintendent  of  the  Kennecott  Copper  Co. 

Willis  Lawrence  is  now  manager  of  the  Oat  Hill  quicksilver  mines, 
Middletown,  Lake  County,  Cal. 

J.  T.  Morris,  superintendent  Stotesbury  operation  of  the  E.  E. 
White  Coal  Co.,  Stotesbury,  W.  Va.,  has  resigned  his  position  to  accept 
the  general  managership  of  the  Pemberton  Coal  &  Coke  Co.,  with  head- 
quarters at  Affinity,  W.  Va.,  effective  October  15. 

H.  A.  Morrison  has  recently  taken  a  position  at  the  Liberty  Ship- 
yard in  Alameda;  his  new  address  is  5237  College  Avenue,  Oakland,  Cal. 

Arthur  B.  Parson  has  accepted  a  position  with  the  Butte  &  Superior 
Mining  Co.,  Butte,  Mont. 

O.  F.  Riser  is  now  assistant  superintendent  of  mills  with  the  Chino 
Copper  Co.,  at  Hurley,  New  Mex. 

Andrew  Rocca,  Jr.,  is  now  vice-president  and  superintendent  of  the 
Western  Mercury  Co.,  Inc. 

William  S.  Sirdevan  is  efficiency  engineer  for  the  United  Verde  Cop- 
per Co.,  Jerome,  Ariz. 

R.  E.  Stockwell  is  general  sales  manager  with  the  Robins  Conveying 
Belt  Co.  at  their  New  York  office  in  the  Park  Row  Building. 

Ernest  A.  Strout  recently  became  manager  of  the  Le  Fe  Mining  Co., 
Ltd.,  Guadalupe,  Zacatecas,  Mex. 

W.  M.  Weigel  is  superintendent  of  the  smelting  department  of  the 
Missouri  Cobalt  Co.,  Frederickstown,  Mo. 

Albert  G.  Wolf  is  field  engineer  with  the  Mason  Valley  Mines  Co. 
at  Thompson,  Nev.,  having  resigned  his  position  with  the  Mary  Murphy 
Gold  Mining  Co.  at  Romley,  Colo. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

No.  488. — Mining  engineer,  member,  technical  graduate,  married, 
age  38,  desires  position  of  superintendent  or  assistant  superintendent. 
Has  had  15  years'  practical  experience  as  miner,  millman,  machinist,  sur- 
veyor, engineer,  foreman,  and  superintendent  in  the  West,  Southwest, 
and  Mexico.  Speaks  Spanish.  Now  employed  as  superintendent  of 
copper  property  in  Southwest.  Can  give  the  best  of  references.  Mini- 
mum salary  $250.    Available  after  Sept.  1. 

No.  495. — Member,  age  36,  married,  technical,  10  years'  all  round 
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experience  operation  and  examination  gold,  silver,  copper,  manganese, 
in  United  States,  Mexico,  South  America.  At  present  in  States. .  Desires 
change  of  position. 

No.  502. — Member,  mining  engineer,  age  30  years.  Married, 
10  years'  experience  in  coal  mines  as  chainman,  transitman,  superin- 
tendent, and  chief  engineer.  Now  employed  as  chief  engineer  of  large 
coal  company  producing  3,000,000  tons  coal  per  year.  Desires  to  get 
located  in  West  or  South.    Available  Jan.  1,  1919. 

No.  503. — Mining  engineer  and  metallurgist,  member,  age  36  years. 
Fifteen  years'  experience  in  United  States,  Mexico,  Canada,  Alaska, 
Central  and  South  America.  Ten  years  in  executive  capacities  in 
management  of  small  operations,  mining,  milling  and  smelting  copper, 
lead,  silver  and  gold  ores.  Design  and  construction  mine  and  mill 
buildings.    Speaks  Spanish. 

No.  504. — Member,  technical  graduate,  draft  exempt,  who  has 
been  employed  as  research  chemist  in  cyanidation  and  flotation  for  past 
5  years  desires  position  with  large  company  as  metallurgist  or  assistant 
mill  superintendent.  Especially  experienced  in  flotation  of  gold  and 
silver  ores,  but  am  also  famiUar  with  flotation  of  lead-zinc  ores.  Foreign 
service  not  desired.    Will  be  at  liberty  after  Dec.  1,  1918. 

No.  505. — Member,  graduate  mining  engineer,  with  8  years'  practical 
experience,  including  experience  as  superintendent.  Desires  position 
as  engineer,  foreman  or  superintendent  of  mine. 

No.  506. — Successful  young  mining  geologist  desires  connection 
with  large  or  several  small  concerns  in  the  West.  Present  headquarters 
Salt  Lake,  but  favors  Southwest.    Columbia  graduate  scholar.     Married. 

No.  507. — Engineer  and  geologist,  member,  age  35  years,  married, 
experience  in  geologic  survey,  reconnaissance  and  mapping  work  with 
special  qualification  for  micro-petrographic  research,  desires  employ- 
ment with  mining  enterprise  offering  opportunity  for  advancement;  at 
present  employed  partly  in  other  engineering  work,  wishes  change  to 
mining  field  exclusively. 

No.  508. — Member,  American,  single,  technical  education,  12  years' 
experience  in  Mexico  and  Central  America  in  gold  and  silver  mining,  in 
practically  all  capacities;  last  four  years  superintendent  of  producer  em- 
ploying 250  men.  Familiar  with  construction  and  difficult  transporta- 
tion conditions.  Can  get  results  with  native  labor.  Available  after  the 
war. 


POSITIONS  VACANT 

No.  349. — A  Canadian  university  wishes  to  engage  a  man  to  teach 
non-ferrous  metallurgy  and  ore-dressing  as  well  as  to  direct  research 
work.  The  instruction  work  covers  7  months  but  the  research  work 
is  continued  throughout  the  year.  To  a  suitable  man  the  rank  of  pro- 
fessor will  be  granted.  Applicants  are  requested  to  state  education, 
experience,  salary  desired  and  any  other  particulars  that  might  assist 
in  selecting  a  man  for  this  position. 

No.  354. — Wanted,  for  Northern  Nigeria,  one  chief  and  two  assistant 
ndning  engineers,  competent  surveyors,  with  good  knowledge  of  alluvial 
tin  mining  and  dressing  of  tin  concentrate.  Preferably  with  previous 
Nigerian  experience,  and  exempted  or  able  to  secure  passport.  Apply 
in  writing,  stating  qualifications,  experience  and  salary  required. 
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No.  355. — ^Wanted:  Superintendent  for  tungsten  property  in  Arizona. 
Man  having  had  experience  in  handling  Mexican  labor  preferred. '  Salary 
$2500,  with  dwelling  house  partly  furnished. 

No.  356. — Wanted:  Mining  engineer  for  the  staff  of  an  organization 
of  consulting  engineers  working  in  fire  prevention  and  accident  preven- 
tion. Metal  and  coal  experience  necessary.  Broad  vision  and  the 
ability  to  meet  big  men  and  to  carry  conviction  are  essential.  If  you 
have  these  and  the  other  quaUfications  necessary  to  professional  work 
of  the  very  best  type — ^if  you  think  that  you  are  the  man  we  need — 
then  write  without  delay. 

No.  357. — Wanted:  Surveyor  and  draftsman  at  a  salary  of  S150 
per  month;  room  and  light  furnished.  Climate  healthful.  Situation 
about  70  miles  northwest  of  Guadalajara,  JaL,  Mexico. 

No.  358. — Wanted:  Services  of  a  good  mine  transitman  or  engineer. 
Prefer  applicant  to  be  in  neighborhood  of  30  years  old;  well  ex- 
perienced in  underground  surveys,  good  draftsman,  and  with  sufficient 
personality  to  get  results  from  the  men.  Application  should  contain 
age,  nationaUty,  experience,  especially  underground,  names  of  various 
coal  companies  employed  by  or  in,  specimen  of  drafting  or  lettering. 

No.  359. — ^Large  mining  concern  has  a  position  in  the  engineering 
department.  At  present  work  will  be  largely  mine  surveying  and 
mapping,  but  with  some  miscellaneous  engineering  work.  Later  on 
work  will  lead  to  a  better  position,  taking  up  all  branches  of  mining 
engineering,  including  mining,  concentration  and  geology.  Splendid 
chance  for  advancement.  Desire  an  especially  capable  man,  so  would 
want  applicant  to  come  on  trial  for  two  or  three  months.  Suitable 
houses,  ready  for  occupancy,  will  be  furnished  to  married  men;  for  single 
men  there  is  an  employees'  club  house — room  and  board  for  SI  per  day. 

No.  360. — Man  to  assist  in  investigation  of  partly  developed  mineral 
properties  in  Brazil.  Must  have  had  some  experience  in  mine  sampling; 
mine  examination  experience  not  absolutely  essential.  Should  be  able 
to  speak  Spanish;  knowledge  of  Portuguese  preferable. 


FORTHCOMING  MEETINGS  OF  SOCIETIES 


Organisation 


Data 


American  Society  of  Mechanical  Engineers 

Society  for  Promotion  of  Engineering  Education, 

with  British  Educational  Mission 

Geolo^cal  Society  of  America 

American  Association  for  the  Advancement  of  Science 


International  Mining  Convention  (Auspices,  Van 
couver  Chamber  of  Mines) 

American  Society  of  Civil  I^gineers 

American  Wood  Preservers  Association 

American  Society  of  Heating  and  Ventilating  Engi 
neers 

American  Institute  of  Mining  Engineers 

New  England  Association  of  Gas  Engineers. 

American  Railway  Engineering  Association 


New  York,  N.  Y. 

Cambridge,  Mass. 
Boston,  Mass. 
Boston,  Mass. 


Vancouver,  B.  C. 
New  York,  N.  Y. 
St.  Louis,  Mo. 

New  York,  N.  Y. 
New  York.  N.  Y. 
Boston,  Mass. 
Chicago,  ni. 


1918 
Dec.  3-6 

Dec.  6-7 
Dec.  28-31 
Dec.  27- 
Jan.  2. 

1919 

Jan.  8-10 
Jan.  15-16 
Jan.  28-30 

Jan.  28-30 
Feb.  17-20 
Feb.  19 
Mch.  18*20 
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LIBRARY 

American  Socibtt  of  Civil  Engineers 
American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

Harrison  W.  Graver,  Director 

The  library  of  the  above-named  Societies  is  open  from  9  a.  m.  to 
10  p.  M.  except  on  holidays.  It  contains  about  70,000  volumes  and  90,- 
000  pamphldts,  including  sets  of  technical  periodicals  and  pubhcations  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  espeoial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Library  Accessions 

American  Societt  for  Testino  Materials.     Membership  List,  Charter  and  By- 
Laws,  etc.    1918.     Philadelphia,  1918. 
Broken  Hill  Propbietart  Company,  Ltd.     Reports  and  Statements  of  Account 

for  half-year  ending  May  31,  1918.     Victoria,  1918.     (Gift  of  Company.) 
Broken  Hill  Soxtth  Silver  Mining  Company.    Reports,  Statements  of  At^counts, 

etc.  for  half-year  ended  June  30,  1918.     Melbourne,  1918.     (Gift  of  Company.) 
Census  op  Virgin  Islands  op  United  States.     1917.     Washington,  1918.     (Gift 

of  U.  S.  Bureau  of  Census.) 
Chilean  Mining  Code.    January  1,  1889.    By  Charles  E.  M.  Michels.    Santiago 

de  Chile,  1914.     (Gift  of  Author.) 
Engineers'  Clxtb  of  Philadelphia  Directory,  1918.     Philadelphia,  1918.     (Gift 

of  Club.)     . 
Engineering  Society  op  China.  Proceedings.    Vols.  9-14,  1909-15.    Shanghai, 

1911-16. 
Fares  and  Freight  Rates.    What  of  the  aftermath  of  Government  control  of 

railroads.     By  H.  W.  Seaman.     (BvUetin  No.  46,  City  National  Bank,  Clinton, 

Iowa.)     1918.     (Gift  of  City  National  Bank.) 
Fuel  Saving  in  Power  Plants.     (Btdletin  No.  1,  Advisory  Engineering  (>>mmittee 

to  the  Massachusetts  Fuel  Administrator.)     Boston,  1918.     (Gift  of  A.  S.  M.  E.) 
Great  Britain.     Department  of  Scientific  and  Industrial  Research.     First  Report 

of  Mine  Rescue  Apparatus  Research  Committee.    London,  1918. 
,  Report  of  Committee  of  Privy  Council.     1917-18.    London,  1918.     (Gift 

of  Department  of  Scientific  and  Industrial  Research.) 
International  Military  Digest.    Annual,  1917.     New  York,  1918. 
Iron  &  Steel  Institute.    Journal,  vol.  97,  No.  1,  1918.    London,  1918. 
La  Distillation  Fractionn^e  et  la  Rectification.     By  Charles  Manlier.     Paris, 

1917. 
Merchants'  Association  op  New  York.    I.  Opposing  Government  Ownership 

and  Operation  of  Public  Utilities;  II.  Advocatmg  Exclusive  Regulation  of  all 
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Railroads  by  Federal  Government.  Nov.,  1916.  (Gift  of  Merchants'  As- 
sociation of  New  York.) 

Minerals  and  Metals  for  War  Purposes.  Hearing  before  Committee  on  mines 
and  mining,  United  States  Senate,  65th  Congress,  Second  Session.  Washington, 
1918. 

Mining  and  Geolooical  Institute  of  India.     Member  List,  1918. 

Mining  Operations  in  Province  of  Quebec,  1917.    Quebec,  1918. 

Mysore.  Chief  Inspector  of  Mines.     Report.     1915-16,  1916-17.     Bangalore,  1918. 

National  Lime  Manufacturers'  Association.     Hydrated  lime  Bureau. 

,  Concrete  Evidence.     {BvUetin  A-7.) 

,  Hydrated  Lime  in  Concrete.     (Btdlelin  A-8.) 

-,  Hydrated  Lime  in  Concrete  Roads,  Field  Test  Results.     (Btdletin  K-2.) 

New  Zealand  Institute.  lYansactions  and  Proceedings.  Vol.  L.  Wellington, 
1918. 

Operations  Minieres  dans  la  Province  de  Quebec,  1917.    Quebec.  1918. 

Pennsylvania.  Departm^it  of  Mines.  Report.  1916.  Pt.  I— Antnracite.  Har- 
nsburg,  1917. 

Portland  Cement  Association.  Magazine  list,  September,  1918.  (Gift  of 
Association.) 

Public  Utilities  Reports.  *  Digest,  1917.     Rochester,  1918. 

SvENSKA  Teknologforeninoen.  Ledamotsfdrteckning.  Juni,  1918.  Stockholm, 
1918. 

Tables  Annuelles  de  Constantes  et  Donn£es  Num^riques  db  Chiicie,  dE 
Physique  et  de  Technologie.  Rapport  gdn^ral  presents  au  nom  de  la  Com- 
mission Permanente  du  Comity  International  pour  V  ann6e,  1917.  Paris,  1918. 
(Gift  of  Association  Internationale  des  Academies.) 

Tbchno-chemical  Receipt  Book.  By  Wm.  T.  Brannt  and  Wm.  H.  Wahl.  Phila- 
delphia, 1917.     (Gift  of  Samuel  Wein.) 

U.  S.  Department  of  the  Interior.  Reports.  1917.  Vols.  1-2.  Washington, 
1918.     (Gift  of  Department  of  the  Interior.) 

Vocational  Schools  for  Workers  in  Coal  and  Metal  Mines.  Washington, 
1918.     (Gift  of  Federal  Board  for  Vocational  Education.) 

Wha.t  Industry  Owes  to  Chemical  Science.  By  Richard  B.  Pilcher  and  Frank 
Butler- Jones.    London,  1918. 

Yearbook  of  Scientific  and  Learned  Societies  of  Great  Britain  and  Ireland. 
Compiled  from  Official  Sources.    London,  1917. 

Book  Notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers. 
The  Institute  does  not  assume  responsibility  for  any  statements  made;  these  are  taken 
from  the  preface  or  the  text  of  the  book,  unless  otherwise  noted. 

American  Association  of  Engineers  Directory.    Containing  Lists  of  Members 
Arranged  Alphabetically,  Geographically,  and  According  to  Professional  Work. 
Corrected  to  July  1,  1918.     Chic,  American  Association  of  Engineers  (copy- 
righted, 1918).     190  pp.,  2  diag.,  1  map,  9  X  6  in.,  cloth,  $2. 
The  Arbitral  Determination  of  Railway  Wages.     By  J.  Noble  Stockett,  Jr. 
Boston*  and  N.  Y.,  Houghton  Mifflin  Co.,  1918.     198  pp.,  8  X  6  in.,  cloth,  $1.60. 
Contents:  Standardization,   The  Living  Wage,  The  Increased  Cost  of  Living, 
Increased  Productive  Efficiency,  Principles  Governing  the  Arbitral  Determination 
of  Wa^es. 

Thia  volume  of  the  Hart,  Schaffner,  &  Marx  Prize  Essays  is  a  study  of  the  prin- 
ciples of  wage  determination  and  of  wage  increase  advanced  by  the  employees  and 
employers  in  the  course  of  arbitration  proceedings,  with  a  view  to  ascertaimng  some 
fundamental  principles  which  may  serve  as  the  basis  of  a  fair  and  reasonable  wage  or 
of  a  just  principle  of  wage  increase.  The  arbitration  proceedings  examined  number 
sixty-five  and  include  those  settled  under  the  provisions  of  the  Erdman  Act  and  the 
Newlands  Act,  the  railway  cases  under  the  Industrial  Disputes  Investigation  Act,  the 
Eastern  Engineers'  Arbitration  of  1912  and  the  Western  Engineers  and  Firemen's 
Arbitration  of  1915. 

Descriptive  Geometry.     By  William  L.  Ames  and  Carl  Wischmeyer.     5th  ed. 

N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond.,  Hill  Publishing  Co.,  Ltd.,   1918. 

112  pp.,  197  illus.,  8  X  5  in.,  cloth,  $1. 

A  conaensed  course  for  students  in  colleges  of  engineering,  in  which  seventy-two 

problems  are  explained  and  illustrated,  and  four  hundred  exercises  for  solution  are 
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presented.     The  book  accords  with  drafting  office  practice  by  using  the  third 
quadrant. 

Thb  Flotation  Process.     By  Herbert  A.  Megraw.    2d  ed.,  revised  and  enlariged. 

N.  Y.,  McGraw-HiU  Book  Co.,  Inc.;  Lond.,  HiU  PublMing  Co.,  Ltd.,  1918. 

11+359  pp.,  74  illus.,  1  pL,  tab.,  9  X  6  in.,  cloth,  $3.50. 

Although  btigation  over  patent  rights  still  continues  and  there  is  still  no 

ment  on  the  theory  of  the  notation  process,  the  author  has  thought  it  advisable  to 

issue  a  second  edition  of  this  work.     In  it  the  development  of  the  process,  both  in 

theory  and  practice,  is  summarized,  and  an  endeavor  has  been  made  to  present  as 

true  a  record  of  present  conditons  as  is  possible.     Most  of  the  original  edition  is 

retained,  although  some  portions  that  later  developments  have  made  valueless  are 

omitted,  and  considerable  new  matter  has  been  added. 

FuBL  Economy  in  Boiler  Rooms.  A  Development  of  Fuel  Economy  and  COt 
Recorders.  Published  in  the  Engineers'  Study  Course  from  Power.  In  two 
parts.  Part  I.  Fuel  Economy  and  COi  Recorders.  By  A.  R.  Maujer  and 
Charles  H.  Bromley.  Part  II.  Fuel  Economy  in  Boiler  Rooms.  By  Charles  H. 
Bromley.  2d  ed.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond.,  Hdl  Pub.  Co., 
Ltd.,  1918.  13+308  pp.,  92  illus.,  18  tob.^  8X6  in.,  cloth,  $2.50. 
^  The  volume  before  us  contains  a  revised  edition  of  the  book  formerly  published 
as''" Fuel  Economy  and  COt  Recorders"  with  the  addition  of  matter  on  other  sub- 

J'ects  of  interest  in  connection  with  efficiencv  in  power-plant  operation.     The  authors 
i&ve  tried  to  provide  a  work  that  will  explain  m  simple  language  the  proper  means 
of  attaining  fuel  economy.     For  use  by  firemen  and  power  plant  operatmg  engineers. 
George   Westinohoxtsb.    His  life  and   Achievements.    By   Francis  E.  Leupp. 
Boston,  Little,  Brown  and  Co.,  1918.     10  +  304  pp.,  5  pL,  6  por.,  9X6  in., 
cloth,  S3. 
In  this  account  of  George  Westinghouse,  the  inventor  and  the  man,  the  author 
has  gathered  his  material  from  such  contemporary  sources  as  old  newspapers  and 
ma^azines^  corporate  reports,  court  records,  local  traditions,  and  the  personal  recol- 
lections of  the  friends  and  neighbors  of  Mr.  Westinghouse.     The  trials  and  failures 
of  his  early  life,  his  perseverance  in  the  struggle  for  the  recognition  of  his  air-brake, 
and  hb  later  successes,  are  pictured  in  detail.     The  numerous  personal  anecdotes 
which  are  scattered  through  tne  book  add  greatly  to  the  interest  of  the  biography  as 
a  human  document. 

Interpolation   Tables   or   Multiplication   Tables   of   Decimal   Fractions. 
Giving  the  Products  to  the  Nearest  Unit  of  all  Numbers  from  1  to  100  by  0.01 
to  0.99  and  from  1  to  1000  by  0.001  to  0.999.     By  Henry  B.  Hedrick.     Wash., 
Carnegie  Institution,  1918.     139  pp..  14  X  10  in.,  cloth,  $5. 
These  tables  are  of  especial  use  in  aU  problems  involving  the  multiplication  of 
decimal  fractions  of  two  or  three  digits  where  the  product  is  required  to  no  more 
significant  figures  than  are  contained  in  the  smaller  factor.     Their  use  may  be  ex- 
tended to  decimal  fractions  of  three  and  four  digits.    As  the  tables  are  more  accurate 
than  the  slide-rule  or  graphical  methods,  and  more  convenient  than  logarithms,  they 
are  of  value  for  many  computations  where  those  methods  are  ordinarily  employed. 
Metallttrgt  op  Lead.     By  H.  O.  Hofman.     1st  ed.     N.  Y.,  McGraw-Hill  Book 
Co.,  Inc.;  Lond.,  Hill  Pub.  Co.,  Ltd.,  1918.    604  pp.,  705  illus.,  1  folded  pL, 
153  tab.,  9  X  6  in.,  cloth,  $6. 
This  work  replaces  the  author's  former  treatise  on  "  The  Metallurgy  of  Lead  and 
the  Desilverization  of  Base  Bullion,"  but  has  been  so  largely  rewritten  and  altered 
that  it  has  become  practically  a  new  book.    Only  the  chapters  on  reverberatory  smelt- 
ing and  German  cupellation  have  been  retained  in  about  their  original  forms.     The 
author  has  prepared  for  the  new  edition  by  a  careful  review  of  the  technical  literature 
and  by  visiting  the  leading  lead  plants  of  the  United  States  and  Canada,  and  has  at- 
tempted to  represent  modem  practice  thoroughly  and  accurately. 
Methods  of  Measuring  Temperature.     Bj^  Ezer  Griffiths.     With  an  Introduction 
by  E.  H.  Griffiths.    Lond..  Charles  Grifim  and  Co.,  Ltd.;  Phila.,  J.  B.  Lippincott 
Ck).,  1918.     176  pp.,  81  illus.,  48  Ub.,  9  X  6  in.,  cloth,  8s  6d.    (Gift  from  J.  B. 
Lippincott  Co.) 

This  monograph,  intended  for  those  concerned  with  the  measurement  of  tem- 
perature in  scientific  investigations  or  in  the  control  of  industrial  operations,  is  chiefly 
devoted  to  the  experimental  basis  of  the  methods  in  use,  the  calibration  of  the  in- 
struments, and  the  precautions  necessary  in  practice.  The  volume  is  intended  to 
extend  the  general  treatment  given  in  standard  textbooks  and  to  be  complete  in 
itself.  References  to  the  important  literature  are  given  with  each  chapter. 
Mine  Tracks.  Their  Location  and  Construction.  Treating  Briefly  on  the  Ma- 
terials Used  and  the  Principles  Involved  in  the  Design  and  Installation,  with  a 
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Set  of  Rules  for  a  Standard  Practice.  By  J.  McCrystle.  Ist  ed.  N.  Y.,  Mc- 
Graw-HiU  Book  Co.,  Inc.;  Lond.,  HiU  Publishing  Co.,  Ltd.,  1918.  10  +  105 
pp.,  23  illus.,  tab.,  7  X  5  in.,  flexible  cloth,  $1.50. 

he  adaption  of  mechanical  haulage  and  the  successive  increases  in  the  weight  of 
mine  locomotives  and  roUm^^  stock  are  making  closer  attention  to  mine  tracks  im- 
perative.    This  treatise  furnishes  a  summary  of  the  methods  by  several  companies 
where  systematic  attention  has  been  given  to  the  subject,  in  convenient  form  for  use 
by  those  responsible  for  the  planning  and  maintenance  of  trackwork. 
Plane  Surveying.     A  Practical  Treatise  on  the  Art  of  Plane  Surveying,  Including 
Chaining,  Leveling,  Compass,  and  Transit  Measurements,  Land  and  Construc- 
tion Surveying,  Topographic  Surveying,  and  Mapping.     By  J.  K.  Finch.     Chic, 
American  Technical  Society,  1918.     243  pp.,  154  lUus.,  11  pL,  10  tab.,  7  X  6  in., 
flexible  cloth,  $1.50. 

This  manual  is  especially  intended  for  home  study.  It  is  planned  to  give  the 
practical  man  a  workmg  knowledge  of  the  subject,  and  to  be  used  by  trained  sur- 
veyors as  a  convenient  review. 

The  Second  Power  Kink  Book.     A  Collection  of  Short  Articles  from  Power  in 
which  Practical  Men  Describe  Simple  Expedients  They  Have  Found  Efifective 
in  Meeting  Every-day  Emergencies  in  Power-plant  Work.     Compiled  by  the 
Editorial  Stafif  of  Power  (McGraw-Hill  Book  Co.,  Inc.,  sole  selling  agents),  1918. 
11  -f  161  pp.,  137  illus.,  9  X  6  in.,  U  cloth,  $1. 
The  first  "Power  Kink  Book,"  published  in  1917,  has  led  to  requests  for  further 
notes  on  emergency  power-plant  practice.     This  book,  like  its  predecessor,  is  intended 
to  suggest  solutions  for  unusual  problems  and  methods  of  meeting  difficult  situations. 
Sheet-metal  Workers'  Manual.     A  Complete,  Practical  Instruction  Book  on  the 
Sheet-metal  Industry,  Machinery,  and  Tools,  and  Related  Subjects,  Including 
the  Oxyacetylene  Welding  and  Cutting  Process.     By  L.   BroemeL     With  a 
Special  Course  in  Elementary  and  Advanced  Sheet-metal  Work  and  Pattern 
In-afting  for  Technical  and  Trade  School  Instructors  and  Students;  Also  for 
Reference  and  Study  by  Sheet-metal  Workers  and  Apprentices.     By  J.   S. 
Daugherty.    Chic,  Frederick  J.  Drake  &  Co.  (copyright,  1918) .    652  pp.,  394  illus. 
32  tab.,  7  X  5  in.,  flexible  cloth,  $2.     (Gift  from  the  Peck,  Stow,  &  Wilcox  Co.) 
Tlie  authors  have  tried  to  produce  a  comprehensive  textbook  on  the  machinery, 
tools,  and  methods  used  in  sheet-metal  working,  suited  to  the  needs  of  manual-training 
and  trade  schools.     Outline  courses  in  sheet-metal  work  and  hand  forging  and  weld- 
ing which  meet  the  requirements  of  emergency  war  training  are  included. 
The  Zinc  Industry.     By  Ernest  A.  Smith.    Lond.  and  N.  Y.,  Longmans,  Green  & 
Co.,  1918.    223  pp.,  illus.,  2  diag.,  4  pi.,  1  map,  tab.,  9  X  6  in.,  cloth,  13.50. 
The  author  of  this  volume  of  the  series  of  Monographs  on  Industrial  Chemistry 
has  written  a  general  survey  of  the  development  of  the  zinc  industry  and  its  present 
and  possible  future  position  in  relation  to  the  various  metal  industries  of  Great 
Britam.     The  rise  and  progress  of  the  industry,  the  new  materials  and  their  sources, 
marketing  of  ores  and  metal,  smelting,  physical  and  chemical  properties,  industrial 
applications,  and  alloys  are  considered  and  a  bibliography  of  the  more  important 
puDlications  is  appended. 


BIOGRAPHICAL  NOTICES 

[CHARLES  G.  ROEBLING 

Charles  Gustavus  Roebling,  president  of  the  John  A.  Roebling's  Sons' 
Co.,  of  Trenton  and  Roebling,  N.  J.,  and  of  the  New  Jersey  Wire  Cloth 
Co.,  of  Trenton,  and  vice-president  of  the  John  A.  Roebling's  Sons'  Co., 
of  New  York,  died  at  his  home,  No.  333  West  State  Street,  Trenton,  on 
Oct.  5,  1918. 

Mr.  Roebling,  who  was  born  in  Trenton,  was  a  son  of  the  John  A. 
Roebling  who  finished  the  plans  for  the  Brooklyn  Bridge  just  before 
he  died.  The  bridge  was  completed  by  his  sons,  Charles  G.  Roebling 
and  Col.  Washington  A.  Roebling. 

Upon  graduation  from  the  Rensselaer  Polytechnic  Institute  in  1871, 
Charles  Roebling  became  associated  with  the  Roebling  company  as  a 
mechanical  engineer.    He  was  engineer  and  builder  of  the  suspension 
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bridge  at  Oil  City,  Pa.;  engineer  and  contractor  of  machinery  for  the 
removal  of  the  Cleopatra  Needle  from  Alexandria,  Egypt,  to  Central 
Park  in  1881 ;  and  contractor  and  builder  of  cables  for  the  Williamsburg 
suspension  bridge,  the  second  of  the  great  spans  to  be  constructed  across 
the  East  River.  The  plants  under  his  management  at  Trenton  and 
Roebling  included  seven  large  wire  mills,  the  largest  rod  mill  in  the 
country,  a  wire  cloth  factory,  one  of  the  largest  rubber  mills  and  copper 
wire  insulating  plants  in  the  country,  and  two  large  wire  rope  factories, 
twice  destroyed  by  fire  and  rebuilt. 

In  addition  to  his  other  activities  Mr.  Roebling  was  a  member  of  the 
New  Jersey  State  Legislature  in  1903,  was  Presidential  Elector  for  New 
Jersey  in  1911,  and  served  as  Commissioner  of  Water  Works  at  Trenton 
and  at  Atlantic  City.  He  was  a  member  of  the  Iron  and  Steel  Institute 
of  Great  Britain  and  of  America,  the  American  Institute  of  Mining  Engi- 
neers, the  Engineers'  Club  of  New  York,' the  Lotus  Club  of  Trenton,  and 
a  director  of  the  Mercer  Automobile  Company. 

He  is  survived  by  two  daughters,  Mrs.  Richard  McCall  Cadwalader 
and  Mrs.  Carrol  Sergeant  Tyson,  both  of  Philadelphia,  and  a  sister,  Mrs. 
Charles  Jarvas,  of  New  York  and  Chicago. 

JOSEPH  HARTSHORNE 

Joseph  Hartshorne  was  born  in  Philadelphia  in  1852.  He  died  Aug. 
23,  1918.  After  graduating  from  Haverford  College,  he  took  a  special 
course  in  chemistry  at  the  Massachusetts  Institute  of  Technology,  and 
later  at  the  University  of  Pennsylvania.  He  started  with  The  Penn- 
sylvania Steel  Co.  as  an  apprentice  in  1873,  working  in  the  laboratory  and 
mills  for  2  years,  and  then  1  year  as  foreman  in  the  Bessemer  Depart- 
ment. Next,  he  was  assistant  chemist  in  the  second  Geological  Survey 
of  Pennsylvania.  In  1878,  he  went  to  France  to  investigate  the  Pemot 
open-hearth  furnace  for  the  Cambria  Iron  Co.  Upon  his  return,  he 
assisted  in  designing  and  erecting  the  plant  in  Johnstown  and  was  fore- 
man of  a  turn  for  1  year,  and  superintendent  for  the  next.  In  1881,  he 
became  superintendent  of  the  Bessemer  and  rolling-mill  departments. 
In  1884,  he  went  to  Pottstown  and  also  made  a  trip  to  Europe  to  investi- 
gate the  Bessemer  basic  process.  Upon  his  return  he  designed  and 
erected  the  basic  Bessemer  plant  for  the  Pottstown  Iron  Co.,  and  was 
superintendent  there  until  1893,  when  the  company  failed.  Since  then 
he  has  been  a  consulting  metallurgical  engineer,  and  expert  in  patent 
cases.  The  most  important  of  the  latter  was  that  of  Krupp  versus 
Midvale  on  the  armor-plate  patent  case,  in  which  he  was  leading  expert 
for  Midvale.  He  was  a  good  Unguist,  having  good  command  of  French 
and  German,  and  a  fair  knowledge  of  ItaUan  and  Spanish.  In  all,  he 
made  eight  professional  trips  to  Europe. 

JOHN  HAMttTON  TROUTMAN 

John  Hamilton  Troutman  was  born  March  3,  1856,  at  Philadelphia, 
Pa.  When  he  was  fifteen  his  father  died  and  it  became  necessary  for 
the  son  to  help  to  support  his  mother  and  sister.  He  accordingly  went 
to  work  in  a  country  store  in  the  anthracite  region,  but  continued  his 
studies,  and  four  years  later  received  a  teacher's  certificate.  About  this 
time,  he  became  associated  with  John  Price  Wetherill  and  August  and 
Richard  Heckscher  in  the  management  of  coal  properties.  When  the 
Lehigh  Zinc  Co.  was  organized,  in  1881,  he  joined  it  and  occupied  several 
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positions  of  responsibility  in  the  organization  until  the  company  was 
taken  over  by  The  New  Jersey  Zinc  Co.  in  1897. 

Those  who  remember  the  very  uncomfortable  first  year  of  the  con- 
solidation will  always  retain  grateful  memories  of  Mr.  Troutman's 
kindliness,  helpfulness,  and  absolute  fairness.  He  only  remained  in 
the  New  York  office  for  about  a  year  and  then  went  to  Chicago,  as  the 
general  manager  of  the  Mineral  Point  Zinc  Co.  While  there,  he  made 
many  new  friends  and,  among  other  things,  started  the  manufacture  of 
lead  oxide  from  the  mixed  sulfides  of  the  West.  In  June,  1900,  he 
left  Chicago  for  Denver  to  take  charge  of  the  Empire  Zinc  Co.  This 
position  proved  to  be  the  greatest  opportunity  of  his  Ufe.  No  one  who 
has  not  traveled  in  the  West  can  begin  to  appreciate  the  high  esteem  in 
which  he  was  held  there  by  everyone  with  whom  he  came  in  contact — 
business  associates,  miners,  mine  operators,  and  competitors.  He  was 
always  and  everywhere  absolutely  fair  and  there  was  hardly  a  mine 
operator  in  the  West  who  did  not  prefer  to  do  business  with  Mr.  Trout- 
man.  The  reputation  which  his  unfailing  courtesy  and  fairness  gained 
for  the  company  is  one  of  its  greatest  assets. 

Of  late,  he  felt  the  severe  strain  of  his  many  years  of  hard  and  con- 
tinuous work  for  the  company  and  had  been  forced  to  take  a  less  active 
part.  He  died  quite  suddenly  at  Denver  on  October  2.  In  his  death,  the 
company  has  lost  one  of  its  oldest^  most  faithful,  and  mo^t  valuable 
employes.  As  one  of  his  oldest  associates  says,  '*J.  H.  Troutman, 
single-minded  always  in  his  devotion  to  his  employers  and  his  associates, 
was  a  man  of  unusual  gifts  and  of  dynamic  working  ability.  It  was  a 
common  saying  of  ours  that  his  pencil  was  always  sharpened  for  the  most 
thorough-going  investigation  of  any  proposition  brought  to  his  attention, 
and  that  he  never  failed  to  state  his  well  grounded  conclusions."  But 
more  than  his  energy,  ability,  and  conscientious  performance  of  every 
duty  was  the  fine  character  of  the  man,  his  kindUness,  absolute  fair- 
ness to,  and  consideration  for  every  one  with  whom  he  came  in  contact. 

G.  C.  Stone. 

DR.  ANDREW  DICKSON  WHITE 

All  branches  of  the  engineering  profession  mourn  the  death  of  Dr. 
Andrew  Dickson  White,  which  occurred  Friday,  Nov.  1.  Born  Nov. 
11,  1832,  in  Homer,  N.  Y.,  Mr.  White  began  his  diplomatic  career 
soon  after  graduating  from  Yale  University  in  1859,  when  he  became  a 
member  of  the  American  Legation  in  St.  Petersburg.  Later  he  served  as 
Minister  to  Germany  under  President  Hayes,  Minister  to  Russia  under 
President  Harrison,  and  Ambassador  to  Germany  under  President 
McKinley.  He  also  was  a  member  of  the  Santo  Domingo  Commission, 
the  Venezuelan  Commission,  Commissioner  of  the  Paris  Exposition,  and 
a  member  of  the  International  Peace  Conference  at  The  Hague  in  1 899. 
But  it  is  as  an  educator  that  he  is  best  known.  When  New  York  state 
secured  about  1,000,000  acres  of  public  land  as  an  endowment  of  its 
higher  educational  institutions,  Ezra  Cornell  ofifered  the  state  $500,000 
for  the  endowment  of  the  institution  if  the  state  would  found  a  new 
school  in  Ithaca  and  transfer  to  it  this  public  land.  The  state  accepted 
the  gift  and  Mr.  White  was  invited  to  become  one  of  the  founders  and 
the  first  president  of  Cornell  University.  He  personally  contributed 
$300,000,  and  later  founded  the  school  of  history  and  political  science, 
bearing  his  name,  giving  to  it  his  historical  library  of  over  40,000  volumes. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Oct.  10,  1918,  to  Nov.  9,  1918. 

Aller,  Frank  D.,  Copper  Met.,  Ore  Purchaser,  American  Smelt.  &  Refin.  Co.. 

120  Broadway^  New  York,  N.  Y. 
Avery,  Paul  W.,  Met.  En^r.,  Esp>eranza  Min.  Co.,  Apt.  8,  El  Oro,  Mex.,  Mexico. 
Baker,  Charles  A.,  Leachmg  Foreman,  Copper  Leachmg  riant,  Anaconda 

Copper  Min.  Co^  Anaconda,  Mont. 

Breed,  Charles  H Met.,  Crown  Cork  &  Seal  Co.,  Baltimore,  Md. 

Chase,  R.  L.,  Min.  Engr 1028  First  National  Bank  Bldg.,  Denver,  Colo. 

EiCHELBEROER,  Frank,  vice-pres.  and  Engr., 

New  York-Montana  Testing  &  Engrg.  Co.,  Helena,  Mont. 
Gester,  G.  C,  Geol.,  Standard  Oil  Co.  of  Cal., 

616  Standard  Oil  Bldg.,  San  Francisco,  Cal. 
Griffin,  John,  Mgr.,  Anthracite  Territory,  The  Dorr  Co., 

Board  of  Trade  Bldg.,  Scranton^  Pa. 

Haynes,   Elwood Pres.,   The   Ha3mes  Stellite  Cq^   Kokomo,    Indiana. 

Hsi,  T.  C Sec'y,  Tayeh  Iron  &  Steel  Works,  Tayeh,  China. 

Hyde,  Austin  T.,  Mgr.,  Keokuk  Plant,  River  Smelt.  &  Refin.  COj^, 

607  Franklin  St.,  Keokuk,  Iowa. 
Ikeda,  Kenzq,  Supt.  &  Chief  Met.,  Fujita  &  Co.,  Kosaka  Mines,  Akitaken,  Japan. 
Job,  Robert,  Vice-pres.,  Milton  Hersey  Co.,  Ltd., 

84  St.  Antoine  St^  Montreal.  P.  Q.,  Canada. 

Kern,  Edward  F Prof,  of  Met.,  School  of  Mines,  Columbia  UnivVNew  York. 

Klinck,  Fred  E Mech.  Engr.  &  Met^^  H.  Mueller  Mfg.  Co.,  Decatur,  111. 

Koch,   Ernest  C Min.  Engr.,   Burma  Corpn.,   Burma,  Asia. 

Langdon,  Palmer  H Editor,  The  Metal  Industry,  99  John  St.,  New  York,  N.  Y. 

Lawler,  Edward  W.,  Mgr.,  Hardmge  Conical  Mill  Co., 

120  Broadway,  New  York,  N.  Y. 
Lewis,  Essinoton,  Chief  Asst.  to  Gen'l  Mgr.,  Broken  Hill  Proprietary  Co..  Ltd., 

320  Collins  St.,  Melbourne.  Australia. 

Lucas,  George  W Topographer,  Roxana  Petroleum  Co.,  Tulsa,  Okla. 

MacFarland,  a.  Frederic,  Met.,  U.  S.  Ball  Bearii^  Mfg.  Co., 

Palmer  St.  &  iColmar  Ave^^  Chicago,  HL 

Marsh,  A.  L Gen'l  Mgr.,  Hoskins  Mfg.  Co^l44  Atkinson  Ave.,  Detroit,  Mich. 

Matthias,  Maximilian  Paul,  Lieut.,  Ordnance  Dept.,  U.  S.  A., 

194  Nesmith  St.,  Lowell,  Mass. 

Meisel,  H.  J Geol.,  Elm  Orlu  Min.  Co.,  Butte,  Mont. 

Mellott,  E.  L Chem.,  duPont  Nitrate  Co.,  Oficina  Pena  Grande,  Iquique,  Chile. 

Myers,  John  F Met.,  The  Empire  Zinc  Co.  of  Colo.,  Canon  City.  Colo. 

Norton,  A.  B.,  Gen'l  Mgr.,  Riverside  Metal  Refin.  Co.,  Box  633,  ConnellsviUe,  Pa. 
Nutting,  Wallace  Hunt,  Master  of  Transportation,  Washoe  Reduction  Wks., 

Anaconda  Copper  Min.  Co^  Anaconda,  Mont. 
OsBORN,  L.  A.,  Min.  A  Constr.  Engr^  L.  A.  Osbom  Engineering  Co.,  Welch,  W.  Va. 
Plenkharp,  Irvin  H.,  Vice-pres.  &  Treas.,  The  Atlas  Brass  Foundry  Co., 

Columbus,  Ohio. 

Roberts,  R.  T Gen'l    Sui^t.,  Waclark  Wire  Co.,  Elizabeth,  N.  J. 

Robinson,  Louis  G.,  Engr.  A  Chem.,  Cincinnati  TestingBureau, 

31  E.  4th  St.{  Cincinnati,  Ohio. 

RuFFNER,  Julius  M Pres.  &  Mgr.,  Atlin  Gold  Mines  Co.,  Atlin.  B.  C.  Canada. 

Seifert,  Charles  G.,  Sec'y-Treas.,  Cons.  Rolling  Mills  &  Fdries.  Cfo.,  S.  A., 

Apartado  81,  Mexico  City,  Mexico. 

Shutts,  Samuel  B Supt.,  Lavmo  Furnace  Co.,  Lynchburg,  Va. 

Sntder,  Charles  G.,  Chief  Chem.,  Duquesne  Reduction  Co., 

Grass  &  Yew  StSL,  Pittsbungh,  Fft. 

Stokesbury,  Charles  H Met.,  Chase  Rolling  Mill  Co.,  Waterbury,  Conn. 

Storm,  L.  W.,  Mine  Supt.,  Latouche  Mine,  Kennecott  Copper  Corpn., 

Latouche,  Alaska. 
Thompson,  B.  S.,  Vice-pres.,  Hoyt  Metal  Co., 

1506  Boatmens  Bank  Bldg.,  St.  Louis,  Mo. 
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Thum,  Ebnest  £.,  Western  Editor,  Chemical  A  MetaUurgical  Engineering, 

Newhouse  Bldg.,  Salt  Lake  City,  Utah. 
Trott,  M.  J.,  Aast.  Supt.,  Golden  Cycle  Min.  &  Reduc.  Co.,  Colorado  Springs,  Colo. 
VAN  LnBR,  R.  J.,  Gen'l  Mgr.,  BiUiton  Maatschappy,  Tandjong-Pandan, 

Billiton,  Netherlands  East  India. 
Wai^z,  Andrew.  .Asst.  to  Pope  Yeatman,  War  Industries  Board,  Washington,  D.  C. 
Wertheimer,  Joseph,  Met.,  D.  E.  O.  C,  N.  A.,  Watervliet  Arsenal,  Watervliet,  N.  Y. 
WiCHMAN,  Frank  M.,  Min.  Engr.,  Mgr.,  Bauchelle  &  Wichman, 

612  Walker  Bank  Bldg.,  Salt  Lake  City,  Utah. 
Williams,  Loms  W.,  Mgr.,  The  Union  Drawn  Steel  Co., 

460  Washington  St.,  New  York,  N.  Y. 
Yamamoto,  Nobuo,  Chief  Engr.,  Sumitomo  Coal  Dept., 

Sumitomo-Tadakuma  Colliery,  Fukuoka,  Japan. 
Yardlet,  J.  L.  McK.,  Capt.,  Engineers,  U.  S.  A., 

Co.  4,  E.  O.  T.  S.,  Camp  Humphrey,  Va. 

AsBociaJtes 

Alexander,  Edward,  'Asst.  to  Chief  Accountant,  American  Smelt,  k  Refin.  Co., 

Apartado  101,  Monterrev,  N.  L.,  Mexico. 

Brady,  D.  M Pres.,  Brady  Brass  Co.,  170-182  Fourteenth  St.,  Jersey  City,  N.  J. 

BuTTFiELD,  W.  J Pres.,  The  Vulcan  Detinning  Co.,  Sewaren,  N.  J. 

Carns,  William  F.,  Adv.  Rep.,  Brass  World  Publishing  Co., 

Elm  &  Duane  Sts.,  New  York,  N.  Y. 

Eraser,  James Supt.,  Speakman  Co.,  Riverview  Wks.,  Wilmington,  Del. 

Gero,  W.  B.,  Chem.  Engr.,  Westinghouse  Lamp  Co.,  165  Broadway,  New  York,  N.  Y. 
GoEHRiNOER,  Charles  J.,  Pres.,  TTie  Buckeye  Products  Co., 

919-29  W.  5th  St^  Cincinnati,  Ohio. 
Hannat,  Gerald,  Oscar  Bamett  Foundry  Co.,  Lyons  Ave.  &  Coit  St^  Irvington,  N.  J. 

Hardy,  William  C Sec'y,  Wm.  A.  Hardy  A  Sons  Co.,  Fitchburg,  Mass. 

Holmes,  A.  G Pres.  &  Mgr.,  Pittsburgh  Meter  Co.,  East  Pittsburgh,  Pa. 

Jennings,  Edward  B Cadet,  4l8t  Class,  School  of  Fire,  Ft.  Sill,  Okla. 

Labner,  David Met.  Chem.,  Chemical  Warfare  Section,  U.  S.  A. 

Long,  George  E Vice-pres.,  Joseph  Dixon  Crucible  Co.,  JerseyjCity,  N.  J. 

MxTELLER,  Philip 

Robs,  Henry  A 

Whttcomb,  Herbert  Hartwell.  .Met.  — ©..,  ^^^^^  *«-©•  — •,  ..-— 
Yauch,  Otto  Leopold,  Chief  Engr.,  Bennett  Mine,  Bennett  Min.  Co., 

Keewatin,  Minn. 

Junior  Associates 

BoRCHERDT,  Edward  Rahr.  Student,  Michigan  Collie  of  Mines,  Houghton,  Mich. 
BxTRBANK,  Wilbur  S.,  Stuaent,  Mass.  Institute  of  Technologjr,  Cambridge,  Mass. 
KiEBEL,  Albert  H.,  Assayer,  Ouray  Consolidated  Min.  &  Reduction  Co.,  Ouray,  Colo. 

Pbhrson,  Elmer  Walter Co.  6,  E.  O.  T.  S.,  Camp  A.  A.  Humphreys,  Va. 

Reis,  James  W.,  Jr.,  Student,  Mass.  Institute  of  Technology,  Cambridge,  Mass. 

Change  of  Statics,  Junior  Associate  to  Member 

Caruthers,  Anthony  Wayne,  Colliery  Supt.,  Bliss  Colliery,  D.  L.  &  W.  R.  R.  Co., 

Nanticoke,  Pa. 

Change  of  Status ^  Junior  Associate  to  Associaie 

Smith,  Bert  F.,  Field  Engr.,  American  Smelt.  &  Refin.  Co.. 

1406  Old  National  Bank  Bldg.,  Spokane,  Wash. 

Total  Membership!  Nov.  9,  1918 7201 

Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 

the  Secretary's  office  during  the  period  Oct.  10,  1918  to  Nov.  9,  1918. 

This  list  together  with  the  list  published  in  Bulletins  No.  133  to  143, 
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January  to  November,  1918,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Jan.  1,  1918 
and  brings  it  up  to  the  date  of  Nov.  9,  1918. 

Adahs,  Abthub  K Lieut.,  2d  Engr.  Training  Regt.,  Camp  HumphreySi  Va. 

Adams,   Walter  C .545  Dorchester  St.  W.,  Montreal,  Canada. 

Alexander,  Wiluam  H.,  Gen'l  Mgr.,  Walker  River  Copper  Co., 

Produce  Exchange  Bldg.,  New  York,  N.  Y. 
Allport,  R.  H.,  The  Aluminum  Castings  Co^  2800  Harvard  Ave.,  Cleveland,  Ohio. 
Anderson,  Amil  A.,  Co.  A,  309th  Regiment  Engineers,  84th  Div.,  American  £.  F., 

Care  Postmaster,  N.  Y. 

Archbald,  John  C Apartado  55,  Guanajuato,  Mexico. 

Armstead,  H.  H Major,  Engr.  Corps,  U.  S.  A. 

Armstrong,  Harold  Kerr,  Pilot,  Naval  Aviation, 

U.  S.  Naval  Air  Station.  Miami,  Fla. 

Backus,  George  S 1st  National  Bank  Bldg.,  Telluride,  Colo. 

Barnes,   W.   A 576   Mills   Bldg^  San   Francisco,  Cal. 

Barrett,  Leslie  P Lieut.,  Headquarters,  5th  F,  A.,  American  E.  F. 

Bassett,  Arthur  F Co.  6,  E.  O.  T.  C,  Camp  Humphreys,  Va. 

Bassett,  Thomas  E.,  Corp.,  Bat.  B,  147th  Field  Artillery,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Beddall,  Thomas  H.,  Adjutant,  1st  Bat.,  1st  Gas  Regiment,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Benson,  Paul  T Great  Metals  Min.  &  Mill.  Co.,  Nespelem,  Wash. 

Bernard,  Clinton  P.,  Candidate,  12th  Observation  Battery,  F.  A.  C.  O.  T.  S., 

Camp  Taylor,  Ky. 

Bingham.  Raymond  A 101  Sherman  Ave.,   Glen  Kidge,  N.  J. 

Black,  I^derick  C Belmont,  Nev. 

Boise,  Paul  T.,  2d  Regiment,  24th  Squadron,  S.  P.  D.,  U.  S.  A., 

Vancouver  Barracks,  Wash. 

BoRNHOFT,    Henrt Apartado    70,    Mexico    City,    Mexico. 

Bowman,  F.  C 1903  West  Ninth  St.,  Spokane,  Wash. 

Brockmann,    Guillermo 110   Calle  Liverpool,    Mexico    City,    Mexico. 

Browning,  Edward,  Corp.,  Co.  D,  1st  Regiment  Engmeers,  American  E.  F., 

Care  Postmaster,  N.  Y. 

BuGBEE.  Edward  E S.  A.  T.  C.  Headquarters,  Raleigh,  N.  C. 

Burt,  Curtis  F.,  Co.  B,  Ist  Engineers  Replacement  Regiment, 

Washington  Barracks,  D.  C. 
Burton,  George  E.,  Resident  Geol.,  Empire  Gas  &  Fuel  Co., 

1216  Colcord  Bldg.,  Oklahoma  City,  Okla. 
Butterfield,  G.  Bruce,  Co.  C,  605th  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Cadot,  J.  J..  1st  Lieut.,  U.  S.  Air  Service.  American  E.  F.,  Care  Postmaster,  N.  Y. 
Campbell,  A.  R.,  Asst.  to  Sec.,  Lead  Proaucers  Committee  for  War  Service, 

61  Broadway,  New  Y'ork,  N.  Y. 

Campbell,  W.  C Care  Ivanpoh  Mining  Co.,  Cima,  Cal. 

Carlock,  J.  B.,  Major,  2d  Bat.,  1st  Gas  Regiment,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Carpenter,    Edwin    E Tonopah,    Nev. 

Chase,  E.  E 1028  First  National  Bank  Blcte-,  Denver,  Colo. 

Cheyney,  J.  S 735  Myrtle  Ave.,  South  Side,  Charleston,  W.  Va. 

Clemmitt,  Willis  B 209  State  St.,  Harrisburg,  Pa. 

Clark,  George  B Capt.,  Engineers,  Camp  Funston,  Kansas. 

Cobb,  H.  M Gen'l  Mgr.,  Soto  Mines  Co.,  Guanacevi,  Dgo.,  Mexico. 

Coleman,  W.  H.,^Corp.,  Co.  E,  23d  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Corby,  Harry  G.,  Ist  Lieut.,  Co.  D,  109th  Supply  Train,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Corse,  W.  M Eng;r.,  The  Ohio  Brass  Co.,  Mansfield,  Ohio. 

Crafts,  Walter  N.,  Asst.  Gen'l  Supt..  British  Forgings,  Ltd.,  Toronto,  Ont.,  Canada. 

Crerar,  George D^ton  Placer  Recovery  Corpn.,  Dayton,  Nev. 

Crispeu^,  C.  W.,  Specification  Dept.,  Production  Engrg.. 

Bureau  of  Aircraft  Production,  25  N.  Main  St.,  Dayton,  Ohio. 

Daggett,  Ellsworth 10  Curamings  Apt.,  Salt  Lake  City,  Utah. 

Daveler,   Erle  V Mill  Supt.,  Butte  &  Superior  Min.  Co.,  Butte,  Mont. 
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Dayis,    Thomas 540    30th    Ave.,    South,    Seattle,    Wash. 

Davy,  William  M.,  Ensign,  U.  S.  N.  R.  F.,  Naval  Aviation  Detachment^ 

Mass.  Institute  of  Technolor|r,  Cambndge.  Mass. 

DeCamp,  W.   V Lieut.,  428th  Engineers,   Camp  Cody,   New  Mexico. 

Derby,  C.  C Box  469,  Route  B,  San  Jose,  Cal. 

Deshates,  Ernest  V Dragon,  Utah. 

Deshler,  George  O Columbia  Gardens,  Butte,  Mont. 

Dick-Cleland,   a.   F Major,   170th  Co.,   R.   E.,   British  E.   F. 

Dietz,  J.  H 1223  Bender  Ave.,  Cleveland,  Ohio. 

Dub,  George  D Franklin,  Sussex  Co^  N.  J. 

Dye,  Robert  E.,  Care  Teck- Hughes  Gold  Mines,  Ltd.,  Kirkland  Lake,  Ont.,  Canada. 

Eldred,  B.  E 18  East  41st  St.,  New  York,  N.  Y. 

Ellis,  Henry  R Min.  &  Met.  Engr.,  39  G  Street,  Salt  Lake  City,  Utah. 

Emmel,  Rudolph 6  Glenside  Ave.,  Jamaica  Plains,  Mass. 

Emmons,  N.  H.,  2d,  Head  of  Operation  Division,  Air  Nitrates  Coron., 

Muscle  Shoals,  Ala. 

Enebo,   Benjamin  A P.  O.  Box  772,   McGill,  Nev. 

Erdofy,  Maxwell  E.,  2d  Lieut.,  Co.  C,  602d  Engineers,  American  £.  F., 

Care  Postmaster,  N.  Y. 
Flynn,  Francis  N.,  Asst.  Gen'l  Supt.,  Balbach  Smelt.  &  Refin.  Co.,  Newark,  N.  J. 
Forbes,  John  J.  V.,  Min.  Engr.,  U.  S.  Bureau  of  Mines, 

4800  Forbes  St.,  Pittsburgh,  Pa. 

Gaby,  Walter  E 208   Douglas  Ave.,  Salt  Lake  City,  Utah. 

Garrido,  Manuel  F.,  Negociacion  Minera  de  Santa  Maria  de  la  Paz, 

Avenida  Uruguay  70,  Mexico,  D.  F. 

Garrison,  Mxtrray  E 5th  Cadet  Squadron,  Ellington  Field,  Houston,  Tex. 

Gazzam,  Joseph  P 5295  Waterman  Ave.,  St.  Louis,  Mo. 

Glines,  Charles  H.,  Jr 60  N.  7th  Ave^  Highland  Park,  New  Brunswick,  N.  J. 

GoDSHALK,  E.  G Bartlesville  Zinc  Co.,  Blackwell,  Okla. 

Goodale,  Stephen  L.,  Capt.,  Ord.  U.  S.  A.,  Bureau  of  Mines  Bldg., 

4800  Forbes  St^  Pittsburgh,  Pa. 
Greenwood,  C.  L.,  Lieut.,  Aero  Squadron,  Barracks  52,  Ellington  Field, 

Houston,  Tex. 

Griffith,  William  V Min.  Engr^  Christmas,  Ariz. 

GwiNN,  James  W 206  Market  Ave.  E,  Kellogg,  Idaho. 

Hall,  C.  J Copper  Queen  Reduction  Works,   Douglas,  Ariz. 

Hammill,   Chester    A Box   12,   Mineral   Wells,   Tex. 

Hardie,  a.  B Chief  Engr.,  Lavino  Furnace  Co.,  Lebanon,  Pa. 

Harris,   W.   G Supt.,   Bush  Mine,  Stewart,   B.  C,   Canada. 

Hartley,  Burton,  Capt.,  45th  Artillery,  C.  A.  C.^  37th  Brigade,  C.  A.  C, 

American  E.  F.,  Care  Postmaster,  N.  Y. 

Hastings,  John  B 133  Ida  Ave.,   Donora,   Pa. 

Haury,  p.  S 3032  Colby  St.,  Berkeley,  Cal. 

Hayes,  Francis  H.,  Major,  Army  General  Staflf  CoUege,  A.  P.  O.  714, 

American  E.  F.,  France. 
Hermsdorf,  Richard  P.  E.,  Tank  House  No.  2,  Raritan  Copper  Wks., 

Perth  Amboy,  N.  J. 
Herr,  Herbert  T.,  Vice-Pres.,  Westinghouse  Electric  &  Mf^.  Co., 

Essmgton  Wks.,  Lester,  Pa. 
Herzig,  C.  S.,  Care  George  B.  Herzig,  41  West  29th  St.,  New  York,  N.  Y. 

Hickman,  E.  C Asst.  Supt.,  St.  Joseph  Lead  Co.,  Herculaneum,  Mo. 

HiGLEY,  R.  C 88  Churchill,  Detroit,  Mich. 

Hilbert,  Jerome  A 1237  8th  St.,  Santa  Monica,  Cal. 

Hill,  William  J.,  2d  Lieut.,  11th  Training  Battery,  F.  A.  C.  O.  T.  S., 

Camp  Zachai]y  Taylor,  Ky. 
HippARD,  Clemence  W.,  211  Transportation  Bldg.,  University  of  Illinois,  Uroana,  111. 

Hoffmann,  John  S Ist  Lieut.,  A.  S.  S.  C^  Gerstner  Field,  La. 

Holland,  A.  A Box  205,  Tucson,  Ariz, 

HoLZHAUER,    William 30    Walnut    St.,    Milton,    Pa. 

Hook,  J.  S.,  Lieut.,  Headquarters  First  Unit,  Wilbur  Wright  Field,  Dayton,  Ohio. 
Hooker,  Brian,  Commonwealth  Bureau  of  Census  &  Statistics,  Rialto, 

Collins  St.,  Melbourne,  Australia. 

HouLB,  Albert  J Instructed  to  hold  everything. 

Howard,  Louis  Orrin,  Pros.,  School  of  Mines,  State  College  of  Washington^^ 

Pullman.  Wash. 
Howe,  Albion  S Care  Central  Eureka  Mine,  Sutter  Creek,  Amador  Co.,  Cal. 
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HowBLK  JB88B  V.,  16th  Training  Battery,  F.  A.  C.  O.  T.  S.,  Camp  Taylor,  Ky. 

HoTT,  J.  C Jerome  Junction,  Aru. 

HsxTBH,  KwBi  LuN Old  Company's  Club,  lAnsford,  Pa. 

Ingbbsoll,  Gut  E U.  S.  Army. 

Inqle,  Hugh  C 472d  Engineers,  7th  k  B  Sts.,  S.  W.,  Washington,  D.  C. 

Jbnkins.  Olaf  p.,  GeoL,  State  Bureau  of  Mines,  Umv.  of  Arizona,  Tucson,  Aiix. 

Johns,  Alfbxd  L 434th  Engineers,  Camp  KcAmy,  Cal. 

Johnson.  F.  A 135  Breading  Ave.,  Ben  Avon,  Pa. 

JoNBS,  S.  S.,  Min.  Eng Box  496,  Kingman,  km. 

JoNBS,  Thomas  J Pinners  Hall,  Austin  Friars,  London,  E.  C,  Ezigland. 

Kbllbt,  Abthub  L Ray,  Aris. 

Kennedy,  Frank  A.,  Cons.  Engr 1006  Alworth  Bldg.,  Duluth,  Minn. 

Ketbs,  Haruon  Edwabd Artillery,  U.  S.  A.,  Fort  Worden,  Wash. 

King,  Rowland,  1st  lieut.,  Engineers,  Camp  Headquarters,  Camp  A.  A. 

Humphreys,  Va. 

Kitbon^.  W Ensign  (T),  U.  S.  N.,  U.  8.  S.  Delaware,  Care  Postmaster,  N.  Y. 

Koch,  H.  E.,  Enlisted  Ordnance  Corps,  U.  S.  A.,  Watertown  Arsenal, 

Watertown,  Mass. 

Kohl,  E.  William,  Jr 5914a  Carpenter  St.,  West  Philadelplua,  Pa. 

Lachhund.  Oscar Room  822,  Paulsen  Bldg.,  Spokane,  Wash. 

Lain,  J.  d Mill  Supt.,  Kennecott  Copper  Co.,  Latouche,  Alaska. 

Lathrqp,  Llotd  J.,  1st  Lieut.,  529th  Engineers,  American  E.  F.,  Care 

^J#V|»l  III  Osfo  V       pj         'If 

Laughlin,  S.  W 443  E.  1st  So.  St.,  Salt  Lake  City,'  Utah! 

Lawrence,  Willis,  Mgr^Oat  Hill  Quicksilver  Mines,  Middletown,  Lake  County,  CaL 

Lewis,  Clinton  K Candidate,  Co.  D,  Candidate's  School.  Fort  Monroe,  Va. 

Let,  Henry  A 417  East  Locust  St.,  Inaependence,  Kansas. 

LiHME,  C.  B 1200  Lake  Shore  Drive,  Chicago,  IIL 

Lindholm,  Milton  S.,  Lieut.,  Co.  C,  109th  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Linn,  William  J Lieut.,  P.  O.  Station  L,  Congress  Hts.,  D.  C. 

LiVERMORE,  Robert 2d  Co.,  E.  O.  T.  S.,  Camp  Humphresrs.  Va. 

Loo,  Pang  C Yung  Sheng  Co.,  39  Szechuen  Road,  Shanghai,  Cnina. 

Lton,  D.  a U.  S.  Bureau  of  Mines^ttsburgh,  Fa. 

McCartt,  Edward  P Co.  2,  E.  O.  T.  S.,  Camp  A.  A.  Humphreys,  Va. 

McHardt,  Rot  H.,  Candidate,  Co.  C3,  Coast  Artillery  Training  SchooL 

Fort  Monroe,  Va. 
Mact,  G.  D.,  33d  Training  Battery,  F.  A.  C.  0.  T.  S.,  Camp  Zachaiy  Taylor,  Ky. 

M ahonet,  J.  N Co.  D,  39th  Machine  Gun  Battalion,  Cainp  Lewis,  Wash. 

Mallams,  Arthur  C Southern  Illinois  Engineering  Co.,  Henin,  UL 

Marble,  Ralph  N.,  Lieut.  Comdr.,  The  Marlborough,  917  18th  St.,  N.  W., 

Washington,  D.  C. 
Marshall,  Emort  M.,  Lieut.,  Ordnance  Dept.,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Mat,   Albert  E 231   Rawson  Road,   Brookline,   Mass. 

Mead,  Richard Corp.,  Div.  C,  Section  23,  A.  P.  O.  718,  A.  E.  F.,  France. 

Miller,  Donald    G.,  Major;  4th  Engr.  Training  Regt.,  Camp  Humphreys,  Va. 

Miller,    E.    A Box    425,    Hamsbure,    BL 

MooRE,  Redick  R.,  American  Smelt.  &  Refin.  Co.,  Aguascalientes,  Ags.,  Mexico. 

Morgan,  David Mgr.,  Verde  Combination  Copper  Co.,  Jerome,  Aris. 

Morris,  J.  T Genl  Mgr.,  Pemberton  Coal  &  Coke  Co.,  Affinity,  W.  Va. 

Morris,  John  M Student,  Missouri  School  of  Mines,  Holla,  Mo. 

Morrison,  Harold  A 5237  College  Ave.,  Oakland,  Cal. 

Morton,  Roscob  B So.  University  St.  &  Harvanl  Ave.,  Denver,  Colo. 

MiTNROE,  Charles  E.,  Chairman,  Committee  on  Explosive  Investigations, 

National  Research  Council,  1023  16th  St.,  Washington,  D.  C. 
Negru,  Jacques  S.,  Spr.,  2504000,  9th  Bat.,  Canadian  R.  R.  Troops.  Canadian  E.  F. 

Nbwbaker,  Edward  J 1100  Commercial  Trust  Bldg.,  Philadelphia,  Pa. 

Nicholson,  George  E 820  Commerce  Bldg.,  Kansas  City,  Mo. 

NiOHMAN.  C.  Edwin 1st  Lieut.,  Sig.  R.  C.  (Aircraft  Production). 

Oberg,   Anton  C 528   Manhattan   Bldg.,   Duluth,    Kfinn. 

Olinoer,  R.  W 35th  Co.  Central  Machine  Gim  O.  T.  S.,  Camp  Hancock,  Ga. 

Oliveros.  R.  P U.  S.  Aimy. 

Orrok,  George  A.,  Cons.  Engr 17  Battery  PI.,  New  York,  N.  r. 

Ortega,  Pablo Calle  6  y  25,  Vedado,  Havana,  Cuba. 

Otto,  John  F 38th  Co.,  10th  Bat.,  Camp  Upton,  N.  Y. 
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Palmer,  R.  N.,  Black  Lake  Asbestos  &  Chrome  Co.,  Black  Lake,  Quebec,  Canada. 

Palmbb,  W.  R 1101  N.  Oregon  Ave»  El  Paso,  Texas. 

Pabsons,  Abthttr  B Butte  &  Superior  Min.  Co.,  Butte^  Mont. 

Parsons,  Gborqe  H.,  Chemical  Warfare  Service,  Gas  Defense  Div.,  Astoria,  L.  I. 

PoMEBOY,  W.  E.,  Min.  En^r 65  West  44th  St.,  New  York,  N.  Y. 

Powell,  Donald  A.,  2d  Lieut.,  Coast  Artillery  Corps,  U.  S.  A.,  62  South, 

Ft.  Monroe,  Va. 
Price,  Habold  C,  Lieut.,  62d  Artillery,  C.  A.  C,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Price,  John  M.,  2d  Lieut.,  Air  Service  Military  Aeronautics,  Post  Field, 

Fort  Sill,  Okla. 

Ramlow,  William  G Gilman,  Colo. 

Rankin,  James  J.,  Sgt.,  Cuiiis  Bay  Ordnance  Dept.,  Headquarters  Co., 

So.  Baltimore,  Md. 

Rba,  John  E Box  564,  Batesville,  Ark. 

Redfearn,  Albert  M Asst.  Supt.,  McCord  Mfg.  Co.,  Detroit.  Mich. 

Riser,  O.  F Aast,  Supt.  of  Mills,  Chino  Copper  Co.,  Hurley,  New  Mexico. 

Robinson,  H.  E Lincoln-Iaaho  Oil  Co.,  Kemmerer,  W)ro. 

Robinson,  Harrt  O.,  Magnesite  Min.  &  Mfg.  Co.,  Porlamar,  Isla  de  Marganta, 

Venezuela,  S.  A. 

RoccA,  Andrew,  Jr Plres.  &  Supt.,  Western  Mercury  Co.,  Inc.,  Cloverdale,  Cal. 

ScHEiii,  H.  B.,  Mine  Surveyor,  Mt.  Bischoff  Extended  Tin  Min.  Co.,  N.  L. 

Waratah,  Tasmania. 

ScHUETTE,  Curt  N 930  Broderick  St.,  San  Francisco,  Cal. 

ScHULTZ,  C.  I R.  F.  D.  No.  2-74,  Puente,  Cal. 

ScoTTBN,  Frank Montana  Power  Co.,  Butte,   Mont. 

Sbibebt.  Pebct  a 906  Potomac  Ave.,  Hagerstown,  Md. 

Seng,  Chan  Key Care  Stone  A  Webster,  Columbus,  Ga. 

Shaw,  Joseph  H 1503  Farmers  Bank  Bldg.,  Pittsburgh,  Pa. 

Sheafe,  Habbt  J U.  S.  Army. 

Sheareb,  Habold  K.,  Field  Artillery  Officers'  Training  School, 

Camp  Zachary  Taylor,  Ky. 
SiBDEVAN,  William  H.,  Efficiency  Engr.,  United  Verde  Copper  Co.,  Jerome,  Ariz. 

Skibm,  J.  G U.  S.  Army. 

Smith,  Cecil  W Nokomis  Coal  Co.,  1380  Old  Colony  Bldg,,  Chicago,  111. 

Smith,  Fbank  A 2d  Batt.,  Det.  C,  C.  W.  S.,  Edgewood.  Md. 

Smith,  William  Allen 22  Paradise  Road,  Northampton,  Mass. 

Smtth,  John  G.,  Capt.,  Ordnance  Dept.,  U.  S.  A.,  3323  Claremont  Ave.,  Berkeley,  Cal. 

Stalnaker,  Randolph Beverly,  Randolph  Co.,  W.  Va. 

Steidle,  Edwabd,  Capt.,  Co.  D,  30th  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Stbwabt,  John  S Co.  lA,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Stillman,  Chables  a.,  Vice-pres.,  Iroquois  Iron  Co.,  Ill  West  Washm^i^ton  St., 

Chicago.  111. 
Stockwell,  R.  K.,  Gen'l  Sales  Mgr.,  Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 

New  York,  N.  Y. 
Stone,  Geobge  C,  Non-ferrous  Metab  Div.,  War  Industries  Board, 

Washington,  D.  C. 
Stbout,  Ebnest  a.,  Mgr.,  La  Fe  Mining  Co.,  Ltd.,  Guadalupe,  Zacatecas,  Mexico. 

SuLTZEB,  H.  D 1st  Lieut.,  47th  Engineers,  Fort  Dodge,  Iowa. 

Sw ANSON,  E.  R Capt.,  Ordnance  Dept.,  Kensington,  Md. 

Talcott,  M.  Gabdneb 40  Woodland  St.,  Bristol,  Conn. 

Teas,  PiEBSON 2d  Lieut.,  U.  S.  A.j  Aberdeen  Proving  Grounds,  Maryland. 

Tu,  Ching  Fang Umversity  of  Utah,  Salt  Lake  City,  Utah. 

TuBNEB,  Hbnby  W Mills  Bldg.,  San  Francisco,  Cal. 

Udt,  Mabvin  J Chief  Chem.,  Care  Haynes  Stellite  Co.,  Kokomo,  Ind. 

VoLKEB,   H.  J Minas  Tecolotes,  Santa  Barbara,  Chic,   Mexico. 

Walteb.  Raymond  A Capt.,  Co.  B,  70th  Engineers,  Fort  Douglas,  Utah. 

Wabd,  a.  T 5th  Prov.  Co.,  N.  A.,  Camp  Wadsworth,  S.  C. 

Websteb,  John  P.  B.,  Mgr.,  Kyshtim  Corpn.,  Ltd.,  Pinners  Hall,  Austin  rriars, 

London,  E.  C,  England. 
Weigel,  W.  M  . . .  Supt.,  Smelt.  Dept.,  Missouri  Cobalt  Co.,  Fredericktown,  Mo. 
WiLLETS,  RoBEBT  H.,  Ist  Licut.,  General  Engineer  Depot,  Munitions  Bldg., 

Room  2830,  19th  &  B  Sts.,  N.  W..  Washington,  D.  C. 

Williams,  Edwabd  I Lieut.,  U.  S.  A.,  65  Soutn,  Fort  Monroe,  Va. 

WiLUAMS,  Feed  P.,  Min.  Engr 34  West  44th  St.,  New  York,  N.  Y. 
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Williams.  P.  T Lieut.,  Royal  Engineers,  6th  Reserve  Battalion. 

Wilson,  H.  M.,  Director,  Dept.  of  Inspection  &  Safety,  The  Associated  Companies 

801  Chamber  of  Commerce  Bld^.,  Pittsburgh,  Pa. 

WiNANS,  Henry  S Chalmers  &  Williams,  Inc.,  Chicago  Heights,  III 

Wise,  Alfred  L.,  Ensign,  U.  S.  N.  R.  F.,  Reserve  Officers'  Quarters  A,  Room  432, 

U.  S.  Naval  Academy.  Annajiolis,  Md. 
WisHON,  W.  W.,  Cons.  Engr.,  Bi^  Casino  Min.  Co.,  Box  127,  Searchlight,  Nev. 
Wisser,  Edward  Hollister,  2d  Lieut.,  319th  Engineers,  Amencan  E.  F., 

Care  Postmaster,  N.  Y. 

WoLP,  Albert  G Field  Ensr.,  Mason  Valley  Mines  Co.,  Thompson,  Nev. 

WoLPARD,  O.  Ly  Lieut.  Com'dr,  U.  S.  N.,  U.  S.  S.  New  Mexico,  Care  Postmaster,  N.  Y. 
WooDwoRTH,  Guy  Thomas,  361st  Ambulance  Co.^  316th  Sanitary  Train, 

Amencan  S.  F.,  Care  Postmaster,  N.  Y. 

Wrather,  William  Embry 6044  Bryan  Parkwajr,  Dallas,  Texas. 

Wright,  Frederic  E Major,  Ordnance  Dept.,  u.  8.  A. 

Wright,  W.  R.,  Ist  Lieut.,  Ord.  R.  C,  Inspection  Div..  Explosives  Section. 

Loaoinjj  Branch,  N.  Y.  District 
Yardley,  John  L.  McK.,  Co.  B,  10th  Engr.  Training  RegunenL 

Camp  A.  A.  Humphreys,  Va. 

Members'  Addresses  Wanted 

Name.  Last  address  of  Record  from  which  Mail  has  been  returned. 

Armstrong,  Clifton  T 347  Manhattan  Ave.,  New  York,  N.  Y. 

Ashmore,  E.  P 604  Sherboume  St.,  Toronto,  Ont.,  Canada. 

Barnard,  C.  W. North  Chicago  Hospital.  2551  N.  Chirk  St.,  Chicago,  III 

Barnett,  William  J. ....8  Waterloo  Place,  Pall  Mall,  London  S.  W.,  England. 

Bird,   Frank   H. Butler   Hotel,   Seattle,   Wash. 

Blanchard,   Ralph  C 3  Lombard  St.,  London,   England. 

Boas,  Ross  H. EQghland  Boy  Mine,  Bingham  Canvon,  Utah. 

Breedinq,    F.    O Eden   Min.    Co.,    Bluefields,    Nicarag[u&. 

Brooke,  Lionel Minas  del  Tajo,  Rosario,  Sin.,  Mexico. 

Browne,  Arthur  B Malleable  Iron  Fittings  Co.^  Branford,  Conn. 

Bryant,  George  W Apartado  86,  Guanajuato,  Gto.,  Mex. 

Byers,   Wheaton  B 50  Hampton  Hall,  Cambridge,  Mass. 

CoNovER,  M.  J Hotel  Bellevue,  San  Francisco,  Cal. 

Dbtert,  William  F. Jackson,   Amador  Co.,  CaL 

Ehlers,  L.  W 2137  St.  Louis  Ave.,  St.  Louis,  Mo. 

DeFaria,  C.  C,  Fiscal  das  Estradas,  Rua  Condo  do  Bomfim,  No.  46, 

Rio  de  Janeiro,  BraiiL 

Fielding,   Sir  Charles Belmont,  Faversham,  Kent,  England. 

Fraser,  Everett  L Oro  Grande  Mines,  Callahan,  Cal. 

Goldsmith,  Osher. Rolla,  Mo. 

Herr,  J.  C AMPBELU Box  556,  State  CoUege,  Pa. 

Hess,  K.  F Burro  Mountain  Copj)er  Co.,  Tyrone,  N.  M. 

HovLAND,   Henry  B Los  Angeles  Athletic  (jlub,  Los  Anffeles,  CaL 

Hunter,  Charles,  Royal  Colonial  Institute,  Northumberland  Ave.,  London,  W., 

En^and. 

HuRUM,   Fredrik  J.  O Westmorley  Court,  Cambridge,  Mass. 

Kay,   David  Nelson Ray  Cons.  Copper  Co.,  Hayden,  Aiis. 

King,  Frank  E Hotel  Breslin.  New  York,  N.  Y. 

Kleesattel,  Richard 911  White  Bldg.,  Seattle,  Wash. 

Klugescheid,  Walter  P. 616  W.  113th  St.,  New  York,  N.  Y. 

Konselman,    Albert    S Globe,  Ariz. 

Mee,  Whitney  P. Apt.  14,  Binkley  Apts.,  El  Paso,.  Texas. 

Miller,  Harry  H 37  So.  Stone  St.,  Tucson,  Aiii. 

Morris,    John    M Rolla,  Mo. 

Nicholson,     Francis Charlotte     Court     House,   Va. 

Raleigh,  Joseph  R. Rossville,  via  Cooktown,  Queendand,  Australia. 

Roberts,  Edward  J.,  Gen'l  Mgr.,  Nevada  Pyramind  Min.  Co., 

Riverside  Hotel,  Reno,  Nev. 

Ross,    Herbert   W 314   Pacific   Ave.,    Piedmont,    Oakland,   Cal. 

Simpson,    Kenneth    M 57   Post   St.,   San   Francisco,   Cal. 

Stickney,  William  H 708  N.  Center  St.,  Reno,  Nev. 

Tao,  H.  T Rolla,  Mo. 
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Tapun,  Thomas  J.,  Jb 16  Lordflhip  Park,  London  N.  16,  England. 

ToNQ,  Sing  Kow 404  W.  116th  St.,  New  York,  N.  Y. 

Treat,  Llotd  B.,  Canadian  Ingeraoll-Rand  Co.,  Bank  of  Toronto  Bldg., 

Montreal,  Canada. 

VanRenssblaer,  Arthur  M 119  B.  61«t  St.,  New  York,  N.  Y. 

Williams,  John  T 100  Broadway,  New  York,  N.  Y. 

Wong,  S.  C Care  School  of  Mines,  Butte,  Mont. 

Wong,    Yin    Charles Rolla,    Mo. 

Woo,  W.  K M  70  Sing  Kon^  11,  Minghong  Road,  Shanghai,  China. 

Yewell,  p.  R.,  Leiand  Stanford,  Jr.,  Univ.,  Box  1212,  Stanford  University,  Cal. 

Necrology 

(See  alto  "Died  in  Senrioe") 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  month  Oct.  10,  1918,  to  Nov.  10,  1918. 

Date  of 

Election.  Name.  Date  of  Death. 

1917  Bowles,  Martin  F Sept.    3,  1918. 

1913  Engelhardt,  Eugene  N ' 1918. 

1915  Gordy,  S.  B Oct.      9,  1918. 

1873  Hartehome,  Joseph Aug.  23,  1918. 

1914  Lee,  Howard  S Oct.    25,  1918. 

1918  Nebel,  Merle  L Oct.    12,  1918. 

1906  Roebhng,  Charles  G Oct.      5,  1918. 

1917  Smyth,  Raymond  W Sept.  27,  1918. 

1914  Troutman,  John  Hamilton Oct.      2,  1918. 

1911  Verrill,  Clarence  S 1918. 

Candidates  for  Membership 

Application  for  Membebship. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  apractice  of  glanc- 
ing through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Member- 
ship, or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 

Applications  Lacking  Endorsement 

Applications  for  membership  have  been  received  from  Mr.  Braecke 
and  Mr.  Wilkie,  whose  records  are  given  below.  These  applications 
lack  the  necessary  number  of  endorsers,  but  since  these  candidates 
live  at  some  distance  from  the  headquarters  of  the  Institute,  their  rec- 
ords are  published  here  in  order  that  any  members  who  are  acquainted 
with  them  may  be  advised  of  the  circumstances  and  may  have  an  oppor- 
tunity of  writing  to  the  Secretary  endorsing  these  candidates. 

Members 

Giistave  Braecke.  La  Carolina,  Spain. 

Proposed  by  A.  DeDeken. 

Bom  1860,  Nieuport,  Belzium.  1886,  Grad.,  School  of  Mines,  Li^e,  Belgium, 
M.  K  and  Engr.  of  Arts  ana  Manufacturers.  1887-91,  Ore-dressing  Dept.,  Hum- 
boldt Engng.  Works,  Kalk^ermany.  1891-1901,  Prospecting,  Northern  Transvaal; 
Mgr.,   Molyneux  mines,   Witwatersrand,  Transvaal.     1901-03,   Mgr.,   Gwendoline 

gold  mine,  ICorea.  1903-06,  Mgr.,  Mina  San  Vicente,  Soci^t6  La  Nouvelle  Montagne, 
pain.  1906-07,  Prospecting  for  zinc,  Djendli  mine,  Arzelia.  1907-11,  Mgr.,  OUin 
mines.  North  Spain.  1911-13,  Reporting  in  Spain  for  Soci6t6  d'Etudes  Mini^re, 
Brussels.  1914-18,  Mgr.,  Lead  mm^  Curas  and  Soldado,  and  Technical  Mgr., 
New  Cerdenillo,  silver-lead  mines.  La  Carolina,  Spain. 

Present  position:  Mgr.,  Soci4t4  Curas  et  Soldado  de  Carolina. 
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Cyril  Gordon  Brink,  Transvaal,  So.  Africa. 

Bom  1889,  Grahamstown,  So.  Africa.  1900-05,  High  School.  1906-07,  St 
Andrews  School.  1908-09.  Chem.,  Rhodes  Univ.,  Grahamstown.  1910-15,  In  Re- 
duction Wks.,  Norse  Gold  Mines,  Ltd.,  Johannesbu^.  1915-17,  Leading  Shiftsman, 
and  in  chg.  of  reduction  wks.,  Fairview  gold  mine.  Transvaal  Cons.  Mines. 

Present  position — 1917  to  date:  Reduction  Omcer,  Fairview  Devonian  Montrose 
Gold  Mines,  Ltd. 

Donald  Cook  WiUde,  Serembau,  Federated  Malay  States. 

Proposed  by 

Bom  1879,  Dundee,  Scotland.  Brothers'  school,  Penang,  Straits  Settlements; 
Baptists'  School,  Rangoon,  Burmah:  Donaldson's  School,  Dundee,  Scotland;  1890- 
92,  Wallacetown  School,  Dundee,  Scotland.  1892-98,  Mechanical  and  electrical 
construction  and  repair  work;  engr.  experience;  drafting  room;  shop  at  sea,  Ross  k 
Wilkie,  Scotland.  1898-99,  Asst.  Engr.,  China  Bomeo  Co.,  Ltd.,  Sandakan,  B.  N., 
Borneo.  1901-03,  Salvage  Dept.,Tangong  Pagar  Dock  Co.,  Ltd.,  Singapore.  1903- 
10,  Engr.,  Pyritical  Ore  Installation,  Sungei  Besi  recovery  of  tin  stone  from  arsenicil 
and  sulphurous  ores,  The  Straits  Trading  Co.,  Ltd^  Sungei  Besi,  Malav  States. 

Present  position — 1910  to  date:  Supt.  Engr.,  Linggi  Plantations,  Ltd. 

The  following  persons  have  been  proposed  during  the  period  Oct.  10, 
1918,  to  Nov.  9,  1918,  for  election  as  members  of  the.  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates, 
from  whom  the  Committee  on  Membership  earnestly  invites  confidential 
conmiunications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  period  (varying  in  the  discretion  of  the  Committee,  accord- 
ing to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Francis  Spearman  Adams,  Anaconda,  Mont. 

Proposed  Dy  Frederick  Laist,  Louis  V.  Bender,  Charles  D.  Demond. 

Bom  1881,  Sharon,  Pa.  1887-1897,  Sharon  Public  Schools.  1900-01,  Univ. 
Prep.  School.  Ithaca,  N.  Y.  1905.  Cornell  Univ.,  M.  E.  1906-08.  Steam  Expert, 
C.  F.  &  I.  Co.,  Pueblo.  Colo.  1908-10.  Asst.  Supt.,  Salem  Iron  Co.,  Leetonia^  0. 
1911,  Supt.,  Constr.,  Cnarleroi  Water  Co.  1911-12,  Owned  and  operated  artiocial 
ice  plant.  1913-14,  Engrg.  Dept^  C.  F.  &  I.  Co.,  Pueblo,  Colo.  1914-15,  Enm. 
Dept.,  Anaconda  Copper  Min.  Co.  1916,  Asst.  Supt»  Power  Dept.,  Anaconda 
Copper  Min.  Co.     1917,  Supt.,  Power  Dept.,  Anaconda  Copper  Min.  Co. 

Present  position :  Same  as  above. 

George  Edward  Alderson,  Camp  A.  A.  Humphreys,  Va. 

Proposed  by  Charles  H.  Fulton,  Frank  R.  Van  Horn,  C.  B.  Murray. 

Bom  1888,  Cleveland,  Ohio.  1894r-01,  Cleveland  Public  School.  1901-05, 
Cleveland  Central  High  School.  1905-09,  Grad.,  Case  School  of  Applied  Science, 
B.  S.  1909-10,  Chem.,  Chino  Copper  Co.,  Hurley,  N.  M.  1910-11,  Assayer,  Clear 
Creek  min.  at  MogoUon,  N.  M.  1911-13,  Chem.,  Ducktown  Sulphur^  Copper^  lion 
Co.,  Ltd.,  Isabella,  Tenn.  1913-15,  Night  Smelter  Supt.,  Plant  Investigator.  Nichols 
Copper  Co.,  Douglas,  Ariz.  1915-16,  Chem.,  Mm.  Engr.,  Weedon  Min.  Co., 
Montreal,  Canada.  1917-18,  Chief  Engr.,  South  American  Copper  Syndicate,  Ltd., 
London,  £.  C,  England. 

Present  position:  Student,  Engineer  Officers'  Training  School. 

William  Guy  Broughton  Boydell,  Tul  Mi  Chung,  Korea. 

Proposed  by  A.  R.  Weigall.  J.  Mitchell-Roberts,  D.  W.  Leeke. 

Bom  1881,  Sidney.  Austraha.  1899-1904,  Univ.  of  Sidney^  B.  S.  .  1904,  Trucking 
and  min..  No.  1  S.  Oriental  &  Glanmire  Gold  Min.,  Gympie,  Queensland.  1905, 
Min.  and  timbering.  1905-08,  Assayer,  Zinc  Corpn.,  Broken  Hill.  N.  S.  W.  1908, 
Timbering,  Broken  Hill  Junction.  North  mine,  N.  8.  W.  1908-13,  Assayer,  Surv^or, 
and  Asst.  Mgr.,  Hercules  Grold  &,  Silver  Min.  Co.,  Tasmania.  1914-16,  Shift  B088, 
Kapran  copper  mine,  Korea.  1916-17,  Underground  Mgr.,  Kok  Kang  Kol  mine, 
Korea. 

Present  position — 1917  to  date:  In  charge  Ore  Estimation  and  Survey  Dept, 
Seoul  Min.  Ck>. 
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Gilbert  Albion  Bragg,  Thompson.  NeY. 

Proposed  by  A.  J.  McNab,  F.  W.  Guernsey,  Walter  H.  Aldridge. 

Bom  1891,  St.  Joseph,  Mo.  1912,  Grad.,  Univ.  of  Kansas,  B.  S.  1911-12, 
Asst.  and  Chem.,  Kansas  State  Water  Laboratory,  Lawrence,  Kans.  1912-14, 
Research  Fellow,  Mellon  Institute  Industrial  Research,  Univ.  of  Pittsburgh,  hydro- 
metallurgy  of  copper,  laboratory  research,  1914-16,  Supt.,  and  Chem.,  Experimental 
Plant,  hydrometailurgy  of  copper,  Thompson,  Nev. 

Present  position — 1916  to  date:  Senior  R^earch  Fellow,  Mellon  Institute  Indus- 
trial Research,  Univ.  of  Pittsburgh,  charge  all  copper  metallurgy  investigations  and 
mgr.  experimental  plant,  hydrometailurgy  of  copper. 

Hamilton  Cooke,  Tr»  Butte,  Mont. 

Proposed  by  W.  N.  Kossbere,  G.  E.  Sheridan,  Israel  O.  Proctor. 

Bom  1887,  Blue  Rapids,  Kans.  1912,  Grad.,  Montana  State  School  of  Mines, 
E.  M.  1912-13,  Clerical  and  statistical  work^  Colusa  Parrot  Ore  Testing  Plant. 
Butte,  Mont.  1914,  Prospecting,  Joplin  District.  1914-15,  Clerical  and  statistical 
work,  Timber  Butte  Mill.  Co.,  Butte,  Mont.  1915-18,  Agent,  Cashier  and  Agency 
Organizer,  New  York  Life  Insurance  Co. 

Present  position:  Metallurgical  Dept.,  Timber  Butte  Mill.  Co. 

Frank  Belin  Davenport^  Kingston,  Pa. 

Proposed  by  Paul  Sterlmg/nieodore  L.  Welles,  Elmer  H.  Lawall. 

Bom  1879,  Wilkes-Barre,  Pa.  1909,  Grad.,  Lafayette  College,  C.  E.  1917,  Post 
Grad.,  M.  E.  189/-1900.  Mine  Engr.  Corp.,  D.  &  H.  1900-02,  Mine  Engr.,  Aikman 
&  Auman.  1902-05,  Robt.  Ireland,  Mech.  Ener.,  Wilkes-Barre,  Pa.  1905-09, 
Lafayette  College,  Easton.  Pa.  1906,  Summer,  North  American  Coal  Co.,  Washery 
Co.  1907,  Smith  &  Welles,  Tunkhannock,  Pa.  1908,  North  American  Coal  Co., 
Sugar  Notch  Washery.     1909-11,  Asst.  Mech.  Engr.,  G.  B.  Markle  Co. 

Present  position — 1911  to  present  time:  Cons.  Engr.,  at  Wilkes-Barre,  Pa. 

George  Dunglinson,  Jr.,  Bluefield,  W.  Va. 

Proposed  by  Thomas  H.  Clagett,  W.  W.  Coe,  John  Stewart. 

Bom  1882,  Cockermouth,  England.  1904,  Alabama  Polytechnic  Institute,  B.  S. 
1904-06,  Min.  Engr.,  Louisville  Coal  &  Coke  Co.;  Greenbrier  Coal  &  Coke  Co.; 
Piedmont  Colliery,  Goodwill,  W.  Va.  1906-^,  Min.  Engr.,  charse  of  engioecrinff 
work,  mine  development,  constmction  work,  installation  of  new  comeries,  Bramwell, 
W.  Va.  1908-12^  Member,  Car  Allotment  Commission;  1912-17,  Chairman,  Car 
Allotment  Commission,  Norfolk  &  Western  Railway,  Bluefield,  W.  Va. 

Present  position:  Asst.  to  General  Manager,  charge  of  fuel  mines,  Norfolk  & 
Western  Rauway. 

James  L.  Fozard,  Latouche,  Alaska. 

Proposed  by  J.  B.  Lain,  L.  W.  Storm,  Henry  M.  Rives. 

Bom  1882,  Sonora,  Cal.  1900,  Grad.,  Berkeley  High  School.  1900-03,  Univ. 
of  Califomia.  1904,  Power  plant,  Utica  Co.,  Angels,  CaL  1906-09,  Mine  Foreman, 
Wild  Goose  Min.  &  Trading  Co..  Nome,  Alaska.  1909-15,  Prospecting  and  leasing, 
northern  Nevada.  1915-16,  Shift  Boss  and  Field  Engr.,  Alaska  Gastineau  Min.  Co., 
and  B.  L.  Thane  Exploration  Dept.  1917,  Mine  Foreman  and  Field  Engr.,  Kennecott 
Copper  Corpn. 

Present  position:  Supt.,  Beatson  Plant,  Kennecott  Copper  Corpn. 

Alexandre  Gouvy,  New  York,  N.  Y. 

Proposed  by  E.  Gybbon  Spilsbury,  A.  R.  Ledoux,  Jesse  M.  Smith. 

Born  1856,  Hombourg-haut,  France.  1879,  Grad.,  Ecole  Centrale  des  Arts  et 
Manufactures,  Paris,  Ine-  des  Arts  et  Manufactures.  1880-83,  Volunteer  and  Engr., 
Blast  Fumace  and  Steel  Works,  Resicza,  Hungary.  1884-90,  Tech.  Secy,  and  In- 
spector, Vienna.  Austria,  French  Co.  1891-93,  Sub-director,  Hutabankova  (Ground 
Steel  Works),  Poland.  1893-95,  Mgr.,  St^es  Forges  d'Alais,  Tamaris.  1896-1900, 
Mgr.,  St6  Komarova  (Blast  Fumace)  Ufor  (Ural). 

Present  position — 1901  to  date:  Cons.  Engr.,  St^s  Hutabankova  (for  Russia); 
Stds  Paris-Outreau,  Arbel  (in  France);  St^  de  Montataire. 

Benere  Harrison  Grant,  Butte,  Mont. 

Proposed  by  Alfred  Frank,  N.  B.  Braley,  William  HuflF  Wagner. 

Bom  1889,  Salt  Lake  City,  Utah.  1903-07,  Salt  Lake  High  School.  1911,  Grad., 
Utah  School  of  Mines,  B.  S.  1911-14,  Snow-Moody  Development  Co.,  Oregon  Short 
Line  R.  R.,  U.  S.  Fuel  Co.,  and  Utah  Fuel  Co.,  Salt  Lake  City,  Utah.  1914-15, 
Transitman,  Imperial  Irrigation  District,  El  Centro,  Cal.  1915,  Office,  General 
Exploration  Co.,  Lark,  Utah.  1915-17,  Min.  Ener.,  and  Asst.  to  Supt.,  Ohio  copper 
mine,  Bingham,  Utah.     1917-18,  Supt.,  Bullwhacxer  mine,  Butte,  Mont. 

Present  position:  Supt.,  Builwhacker  Mine  &  Mines  Operating  Co. 
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Leslie  James  Griffiths,  Newcastle,  N.  S.  W.,  Australia. 

Proposed  by  H.  F.  Noyes,  J.  Jobson,  David  Baker. 

Bom  1885,  Braidwood,  N.  S.  W^  Australia.  1899,  Public  School.  1899-1904, 
Broken  Hill  Technical  CkiUege.  1901.  Laboratory.  Broken  HUl  Proprietary  Co., 
Broken  Hill,  N.  S.  W.  1915,  Asst.  Chief  Chem.  and  Chief  Chem.,  Broken  Hill  Pro- 
prietary Co.,  Iron  and  Steel  Works,  Newcastle. 

Present  position:  Acting  Blast  Furnace  Supt..  Broken  Hill  Proprietary  Co.'s 
Iron  and  Steel  Works,  Newcastle,  N.  S.  W.,  Australia. 

Jean  A.  Hardel,  Parb,  France. 

Proposed  by  A.  F.  Lucas,  David  WThite,  Philip  S.  Smith. 

Bom  1878,  Rouen,  France.  1898-1900.  Polvtechnic  School  of  Paris.  1900-03, 
French  Government  Highways  Engineers'  School.  1902,  Paris  Univ.,  B.  Sc.  190^ 
lOj  Several  missions  in  western  ]^nch  Africa  for  French  Government.  1913-14, 
Missions  in  Rumanian  oil  fields.  1914-15,  Mobilized  in  French  Navy.  1915-17, 
Managing  Engr.,  munition  plant. 

Present  position:  Counsel  Engr.,  Soci^t^  de  Recherches  et  de  Forages. 

Witold  Kosicki,  Cambridge,  Mass. 

Proposed  by  Charles  E.  Locke,  H.  O.  Hofman,  Carle  R.  Hayward. 

Bom  1884.  Padole,  Russia.  1905-12,  Institute  of  Emperor  Alexander  II,  M.  £. 
Met.  plant,  Satka,  Ural,  Russia;  met.  plant,  Kyshtim,  Russia.  1912,  Met.  plant, 
Briansk,  Russia.  1913-15,  summers.  Asst.  Met.  Constr.  and  Engr.,'  Rolling  Mill  Dept, 
South  Russian  Met.  Co.  1912-15,  winters,  Institute  of  Empress  Catherine  II,  Petro- 
grad,  Russia.  1915-18,  Munition  Inspector,  Russian  Artulery  Comm.  Petrograd 
and  U.  S.  A.     1918,  summer.  Test.  Dept.,  Anaconda  Copper  Min.  Co. 

Present  position:  Student  for  M.  S.  Degree,  Mass.  Institute  of  Technology. 

Manfred  Theo.  Hoster,  St.  Peters,  Pa. 

Proposed  by  Joseph  T.  Hilles,  J.  H.  Devereux,  H.  A.  J.  Wilkens. 

Bom  1885,  Wood  Ridge,  N.  J.  1908,  School  of  Mines,  Columbia  Univ.,  £.  M. 
1908-09,  Practical  mine  work,  Daly  Judge  Min.  Co.,  Park  City,  Utah.  1909-10, 
Shift  Boss,  Alvarado  Min.  Co..  Congress  Junction,  Ariz.  1910,  General  work,  cyanide 
milL  Socorro  Min.  Co.,  MogoUon,  N.  M.  1910-12,  Mech.  Engr.,  American  Smelt,  k 
Remi.  Co.,  Pachuca,  Mexico.  1912-14,  Min.  Engr.,  Empire  Steel  &  Iron  Co.,  Mt. 
Hope,  N.  J. 

Present  position — 1914  to  date:  Genl  Supt.,  E.  &  G.  Brooke  Iron  Co. 

John  Allan  Keith  Jobson,  Malmberget.  Sweden. 

Proposed  by  Hugo  Garde.  Gustaf  Wallin,  Georg.  Fagerbeig. 

Bom  1883,  Varber^,  Sweden.  1905,  Grad.,  Kungl.  Tekn.  Hogskolan,  Stockholm, 
M.  E.  1907,  Mametic  surveys  of  iron  ore,  Witherbee,  Sherman  Iron  Ore  Co.  1907- 
08,  Min.  Engr.,  Delaware  &  Hudson  Co.,  Lyon  Mountain,  N.  Y.  1909-10,  Pur- 
chasing dept.,  Kennedy,  Sahlin  Co.,  Brussels.  1911-13,  Min.  Engr.,  Marbella  Iron 
Ore  Co.^  Spain.  1913-15,  Min.  Capt.,  A.  B.  Kallalo,  Hogheden,  Galea,  Sweden. 
1916.  Mm.  En|;r.,  Luossavaara-Kiirunavaara,  Malmberget. 

Iresent  position:  Same  as  above. 

Emery  L.  Lasier,  Washington,  D.  C. 

Proposed  by  Paul  D.  Merica,  Louis  J.  Gurevich,  C.  P.  Karr. 

Bom  1889,  Washm^on,  D.  C.  1907-11,  12-13^  George  WashingtonTUniversity, 
A.  B.  1911-12,  Special  work,  Mass.  Institute  of  Technology.  1907-16,  Various 
times.  Bureau  of  Standards,  Washington,  D.  C.  1913,  Engr.  oiTests,  Hydro-Electric 
Co.  of  W.  Va.,  Chest  Haven,  Pa.  1912-15,  Instructor,  engrg.  subjects,  evening  tech- 
nical schools,  Washington,  D.  C.  1916  to  date,  Asst.  Material  Engr.,  Bureau  of 
Constmction  and  Repair,  Navy  Dept.,  Washington,  D.  C.  1914  to  date,  Cons.  Met. 
and  Materials  Engr.,  Washington,  D.  C. 

Present  position :  See  above. 

Donald  Hugh  McDougall,  New  Glasgow,  Nova  Scotia. 

Proposed  by  Samuel  A.  Taylor,  Joseph  W.  Revere,  Angus  W.  Macdonald. 

Bom  1879,  St.  Peters,  Cape  Breton,  N.  S.  1894,  Grad.,  High  School,  Glace  Bay. 
N.  S.  1895,  Govemment  mining  schools.  Glace  Ba^.  189&-1900.  International 
Correspondence  Schools,  course  in  mining  and  civil  engineering.  1900-02,  Dalhousie 
College,  Halifax,  Special  mining  courses.  1897-1899,  Mine  Surveyor.  Dominion 
Coal  Co..  Glace  Bay.  1900,  Field  Engr.,  Draftsman,  Dominion  Iron  &  Steel  Co., 
Sydney,  N.  S.  1902,  Asst.  Resident  Engr.,  N.  Y.  C.  A  H.  R.  Ry.,  New  York.  1903, 
Resident  Engr.,  D.  I.  S.  Co.,  Sydney.     1904,  Resident  Mgr.,  Wabana  iron  ore  mines, 
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D.  I.  S.  Ck).,  Newfoundland.  1908,  Supt.,  mines  and  quarries,  Dominion  Iron  &  Steel 
Ck).,  Sydnejr,  N.  S.  1910,  Gen'l  Supt.  of  Mines;  1911.  Aast.  Gen'l  Mgr.;  1912,  Gen'l 
Mgr.,  Dominion  Coal  Co.,  Ltd.  1916,  Genl  Mgr.,  Dominion  Steel  Corpn.,  mclud- 
ing  Bubsidiaxy  companies. 

Present  position:  President,  Nova  Scotia  Steel  &  Coal  Co.,  Ltd. 

Pay  Harrison  Miller,  Anaconda,  Mont. 

Proposed  by  Frederick  Laist,  Louis  V.  Bender,  Charles  D.  Demond. 

Bom  1889,  La  Crosse,  Wis.  1913.  Grad..  State  College  of  Washington,  B.  S.  1905- 
06,  Mine  blacksmith's  apprentice,  Richara  Mulroy,  Republic,  Wash.  1909,  Miner, 
Bunker  Hill  &  Sullivan  Co.,  Kelloge,  Ida.,  shoveler,  miner  and  timberman.  1910, 
Miner,  Bunker  Hill  &  Sullivan  Co.,  i^Uogg.  Ida.,  same  occupations  as  above.  1911. 
Miner,  Insurgent  Leasing  Co..  Republic,  Wash.  1912,  Asst.  GeoL,  U.  S.  Geological 
Survey,  Washington,  D.  C.  1913-'14.  Operator  and  shift  foreman  charge  oil  flotation 
dept.,  sine  concentrator,  Butte  &  Superior  Copper  Co.,  Butte,  Mont.  1914-15, 
Shift  Foreman,  experimental  oil  flotation  plant.  Anaconda  Copper  Min.  Co.,  Ana- 
conda, Mont.  1915,  Asst.  Testing  Engr.,  ana  Chem.  Testing  Dept.,  Anaconda 
Copper  Min.  Co.,  Anaconda,  Mont. 

Fresent  position:  Chief  Chem.,  Anaconda  Copper  Min.  Co.,  Anaconda,  Mont. 

Stalker  Elijah  Reed.  Ojuela,  Durango,  Mexico. 

Proposed  by  £.  F.  Salisbury,  Frank  J.  Nagel,  C.  Q.  Schlereth. 

Bom  1890,  Nashua,  N.  H.  1908-12,  Mass.  Institute  of  Technology^  B.  S.  1912- 
13,  Chem.,  American  Smelt.  &  Refin.  Co.,  Santa  Barbara,  Chih.^  Mexico.  1913-14, 
Engr^  Oliver  Min.  Co.,  Hibbing^  Minn.  1914-15,  Chem.,  American  Smelt.  &  Refin. 
Co.,  Santa  Barbara,  Chih^  Mexico.  1915,  Engr.,  Cia  Minera  Penoles,  Ojuela,  D^o., 
Mexico.  1915-18,  Asst.  Supt.,  Providencia  t&it,  M.  &  M.,  Mexico.  1918,  Acting 
Supt.,  Higueras  Unit  M.  &  M.,  Mexico. 

Present  position:  Asst.  Supt.,  Ojuela  Mines,  Cia  Minera  Penoles. 

Joseph  St.  Germain.  Anaconda,  Mont. 

Proposed  by  Louis  V.  Bender,  F.  H.  Miller,  Charles  D.  Demond. 

Bom  1887,  Hubbell,  Mich.  1906,  Grad.,  High  School,  Lake  Linden,  Mich. 
1906-10,  Grad.,  Michigan  College  of  Mines,  E.  M.  1910-12,  Min.  Engr.,  Canadian 
Copper  Co.,  Copper  Cliflf,  Ont.,  Canada.  1912-13,  Practical  mining,  various  com- 
pames.  1913-16,  Draftsman,  Ajiaconda  Copper  Min.  Co^  AnacondA,  Mont.  1916- 
18,  Foreman,  zinc  roaster  plant,  Anaconda  Copper  Min.  Co.,  Great  FaUs,  Mont. 

Present  position:  Asst.  Supt.,  Smelter,  Power  House,  Anaconda  Copper  Min.  Co. 

Be  Van  Presley,  Latouche,  Alaska. 

Proposed  by  J.  B.  Lain,  Dale  L.  Pitt,  L.  W.  Storm. 

Bom  1889.  Seattle,  Wash.  1910^  Broadway  High  School,  Seattle,  Wash.  1914, 
Univ.  of  Washington,  College  of  Mines.  1910-15,  Various  placer  mines  in  Alaska. 
1916-16,  Stope  Boss,  Shift  Boss,  etc.,  Alaska-Treadwell  Gofe  Min.  Co.,  Treadwell, 
Alaska.  1917,  Foreman,  Bonanza  mine,  Kennecott  Copper  Corpn.,  Kennecott, 
Alaska. 

Present  position:  Mill  Foreman,  Latouche  Plant,  Kennecott  Copper  Corpn. 

Jay  Emery  Van  Gundy,  Philipsburg,  Mont. 

Proposed  by  Rush  J.  White,  James  F.  McCarthy,  William  J.  Hall. 

Bom  1883,  Deer  Lodge,  Mont.     1905,  Grad.,  Montana  State  School  of  Mines, 

E.  M.  1905,  Assayer,  Kearsarge  Min.  Co.,  Virginia  City,  Mont.  1905-06,  Assayer 
and  Mill  Supt.,  Crooked  River  Min.  &  Mill.  Co.,  Orogrande,  Ida.  1906-07,  Drafts- 
man and  Levelman,  Or^on  R.  R.  &  Navigation  Co.,  Portland,  Ore.  1907-10,  Min. 
Engr.,  Federal  Min.  &  Smelt.  Co.,  Wallace,  Ida.  1910,  Asst.  City  Engr..  Missoula, 
Mont.  1910-12,  Mgr.,  Pioneer  Dev.  Co.,  San  Juan  Co.,  Utah.  1912-13,  Asst.  Engr., 
State  Engineer's  Omce,  Boise,  Ida.  1913,  Constr.  Engr.,  Boise  King  Placers  Co., 
Boise,  Ida.  1913-16,  Min.  Enjgr..  Stewart  Min.  Co.,  Kellogg,  Ida.  1916-17,  Mgr., 
Montana  Manganese  Co.,  Philipsburg,  Mont. 

Present  position — 1917  to  date:  Manganese  Ore  Purchaser,  Tennessee  Coal,  Iron 
&  R.  R.  Co. 

Edward  CraigVoorhees,  Erie,  Pa. 

Proposed  by  D.  J.  McAdam,  Jr.,  C.  F.  W.  Rys,  Hugh  P.  Tiemann. 
Bom  1878,  New  Bmnswick,  N.  J.    1899,  Stevens  Institute  of  Technology,  M.  E. 
1899-1915,  Ordnance  Dept.,  Midvale  Steel  Co. 

Present  position — 1916  to  date:  Met.,  Erie  Forge  Co. 
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Edgar  Stuart  Ward,  Eagle  Pass,  Tex. 

Proposed  by  A.  Leonarz,  Fred  B.  Nold,  W.  G.  Whildin. 

Bom  1882.  Philadelphia,  Pa.  1899,  Grad.,  Public  Schools  of  Philadelphia,  Pa. 
1900-03,  Draftsman  and  Transitman,  J.  S.  Sillyman  &  Co.,  Min.  Engrs.,  Altoona,  Pa. 
1904-05,  Engr.,  in  charge  installation  of  railroad  and  plant.  Bell  Jellico  Ck>al  Co., 
Pineville,  Ky.  1905-06,  Chief  Engr.,  West  Kentucky  Coal  Co.,  Stuigis,  Ky.  1906- 
10,  In  business  for  self  and  as  member  of  firm  of  Ward  &  Harper,  Sturgis,  Ky.  1910- 
12,  Mech.  Engr^  Supt.^  Mexican  Coal  &  Coke  Co.,  Las  Esperanzas,  Mexico.  1912-13, 
Constr.  Engr.,  Repuohc  Iron  &  Steel  Co.,  Northern  Division,  Republic,  Pa.  1913-14, 
Coal  prospecting,  Greene  Co.,  Pa.,  and  general  engineering  practice.  1914-17, 
Charge  Block  Record  Div.,  and  Unit  Costs,  Highway  Bureau,  Philadelphia,  Pa. 

Present  position:  Chief  Engr.,  New  Sabinas  Co.,  Ltd.,  Sabinas,  Coah.  Mexico. 

Wesley  Wirt  Warren,  Butte,  Mont. 

Proposed  by  W.  C.  Siderfin,  John  Hays  Hammond,  G.  D.  B.  Turner. 

Bom  1875,  Deerlodge,  Mont.  1892,  Feekskill  Militarv^  Academy.  1895,  Cornell 
Univ.  1896,  British  American  Incorporation,  Rossland,  B.  C.  1897-98,  North  Port 
Smelt.  Co^  Eastern  Oregon  and  Idaho  Districts.  1899,  California  Standard  and 
Giant  Oil  Companies.  1900-05^  Field  man^  Nevada  Tonopah  gold  field  and  southem 
Nevada.  1906-14,  California  districts  for  J.  B.  Faraker,  Jr.,  and  Montana  capitalists. 
1914r-16,  Asst.  Engr.,  Revenue  Cons.  Gold  Mines  in  Montana. 

Present  position — 1916  to  date:  Cons.  Engr.,  Alaska  British  Columbia  Metals  Co. 

John  Alexander  Weir,  Denver,  Colo. 

Proposed  by  P.  H.  ArgaU.  Cony  T.  Brown,  Cecil  B.  Hull. 

Bom  1884,  Port  Perry,  Ont..  Canada.  1909,  Grad.,  Colorado  School  of  Mines, 
E.  M.  1909-10,  Surveyman,  draftsman  and  inspector,  Arnold  Co.,  and  Denver 
Reservoir  Irrigation  Co.  1910-11,  Draftsman,  Groldsborough  Co.,  Denver,  Colo. 
1911-12,  Asst.  Min.  Engr.,  Stratton's  Independence,  Ltd.,  Victor,  Colo.  1912-13, 
U.  S.  Reclamation  Service,  Designer  of  Structures,  Montrose,  Colo.  1913-16,  Asst. 
Engr.,  Canadian  Pacific  Railwav  Co.,  Dei>t.  of  Natural  Resources,  Irrigation  Branch. 
Charge  of  surveys  for  topography  and  irrigable  land  classification. 

Pi-esent  position — 1916  to  elate:  Min.  Engr.,  Ozark  Smelt.  &  Min.  Co.,  Magdalena, 
N.  M. 

Lewis  Gardner  Westgate,  Delaware,  0. 

Proposed  by  Joseph  B.  Umpleby,  B.  S.  Butler,  Henry  G.  Ferguson. 

Bom  1868,  Phoenix,  R.  I.  1890^  Wesleyan  liniv,,  A.  B.  1891,  Harvard  Univ.. 
A.  M.;  1896,  Ph.  D.  1891-94,  Survey,  northern  New  Jersey.  1900-18,  Prof,  of 
Geol.,  Ohio  Wesleyan  Univ.,  Delaware,  O.  1913-18,  Asst.  Geol.,  U.  S.  Geological 
Survey.     1913-14,  Mapping,  Hailey,  Ida. 

Present  position:  Aof.  of  Geol.,  Ohio  Wesleyan  Univ. 

Anthony  Elmer  Wickham,  Fairfield,  Ala. 

Proposed  by  W.  D.  Armstrong,  F.  Tschudy,  George  T.  Gambrill,  Jr. 

Bom  1888,  Philadelphia,  Pa.  1903-06,  Grad.,  Central  Manual  Training  School, 
Philadelphia,  Pa.  1906-08,  Penn.  State  College,  State  College,  Pa.  1908,  Asst. 
Eng.,  Gulf  Refin.  Co.,  Port  Arthur,  Tex.  1909,  Government  on  25  ft.  channel,  Dela- 
ware River,  Philadelphia  to  Trenton.  1909-10,  B.  S.  R.  R,  Constr.  Work,  Resident 
Engr.  1910-12,  Constr.  byproduct  coke  plant  as  chief  of  partv.  191^13,  Associ- 
ated with  W.  D.  Armstrong  as  cons,  and  min.  en^r.  1913-14,  Tidewater  Construction 
Co.,  const.,  electric  railway.  1915-16,  Chief  Field  Engr^  construction  benzol  plant, 
Tennessee  Coal,  Iron  &  R.  R.  Co.  1916-17,  Chief  Field  Engr.,  bjrproduct  coke  plant, 
Tennessee  Coal^  Iron  &  R.  R.  Co. 

Present  position:  Supt.  of  Constr.,  154  Byproduct  Ovens  Ext.  to  Benzol  Plant, 
Tennessee  Ooal,  Iron  &  K.  R.  Co. 

Associates 

Clarence  H.  Estes,  Chicago  Heights,  111. 

Proposed  by  W.  S.  McKee,  Clement  Le  BoutiUier,  W.  B.  Easton. 

Bom  1871,  High  Bridge,  N.  J.  1888,  High  Bridge  PubUc  School.  1889-90, 
Coleman's  Business  College  of  Newark,  N.  J.  1900-07,  Student  Mechanics,  Engrg. 
Course^  Correspondence  School  of  Mechanics,  Scranton,  Pa.  1890-93,  Book-keeper 
with  Hahne  &  Co.,  Newark,  N.  J.  1893-1905,  Pattem-maker,  Taylor  Iron  A  Steel 
Co.,  High  Bridge,  N.  J.     1905-06,  Pattem-maker,  Crocker  Wheeler  Co.,  Ampere, 
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N.  J.     1906-08,  Pattern-maker,  American  Brake  Shoe  &  Fdy.  Co.,  Mahwah,  N.  J. 
1908-16,  Pattern  Foreman,  Fdy.  Supt.  and  Chief  Inspector,  American  Manganese 


Steel  Co.,  Chicago  Heights.  111. 

Present  position:  Stanaardization 


position:  Standardization  Committee,  American  Manganese  Steel  Co. 

David  Oscar  de  Lima  Mayer,  New  York,  N.  Y. 

Proposed  by  Charles  E.  liocke,  Paul  R.  Hajrward,  Frederick  O.  Stillman. 

Bom  1898;  New  York  aty.  1905-11,  Public  Schools  of  N.  Y.  C.  1911,  Town- 
send  Harris  Hall,  City  College  of  New  York.  1911-15,  Horace  Mann  School.  .1915- 
18,  Harvard  Univ.,  Massachusetts  Institute  of  Technology,  B.  S.  B.  S.  from  Harvard 
to  be  awarded  in  1919.  1915,  Inspiration  Extension  Copper  Co.  ,1918,  Turner  Con- 
crete Constr.  Co.    Anny  Base  Constr.,  Bay  Ridge,  N.  J. 

Present  position:  Awaiting  induction  into  Government  Service. 

Louis  Duane  Simpkins,  Kings  Mills,  O. 

Proposed  by  W.  H.  Bassett,  G.  M.  Pritch,  W.  M.  Corse. 

Bom  1893.  Syracuse,  N.  Y.  1912-16,  Univ.  of  Colorado,  B.  S.  1916-17,  Univ. 
of  Colorado,  M.  S.  Specialized  in  metaUography,  metallurgy.  1917-18,  American 
Smelt.  &  Kefin.  Co.,  Murray,  Utah.  1916-17,  Instmctor,  Chemistry,  Univ.  of 
Colorado. 

Present  position :  Chief  metallurgist  and  chemist,  Peters  Cartridge  Co. 

Junior  Associatea 

Jacob  Stanley  Fried,  Youngstown,  Ohio. 
Proposed  by  William  R.  Chedsey,  E.  S.  Moore,  W.  R.  Crane. 
Bom  1894,  Pittsburgh,  Pa.     1910-14,  Technical  Course,  Alleghany  High  School. 
1915.  Pennsylvania  State  College. 
Present  position:  Student. 

Joseph  Heddin^,  Tyrone,  Pa. 

Proposed  by  William  R.  Chedsey,  E.  S.  Moore,  W.  R.  Crane. 
Bom  1898,  Tyrone.  Pa.     1915-19,  Pennsylvania  State  College. 
Present  position :  Student. 

Kenneth  V.  King,  Berkeley,  Cal. 

Proposed  by  Frank  H.  Probert,  Walter  S.  Morley,  Walter  S.  Weeks. 

Bom  1896^  Great  Falls,  Mont.  1914,  High  School,  Ashland,  Ore.  1915  to  date, 
Univ.  of  California.  1917,  Laboratory  Asst.,  Mammoth  Copper  Min.  Co.,  Kennett, 
Cal.  1918,  Inspector,  Lackawanna  Steel  Co.,  Buffalo,  N.  Y.  1918,  Chemist,  Edge- 
wood  Arsenal,  National  Aniline  Chemical  Co.,  Buffalo,  N.  Y. 

Present  position:  Student,  Univ.  of  California. 

George  LeRoy  Klingaman,  Los  Angeles,  Cal. 

Proposed  by  Frank  H.  Probert,  Ernest  A.  Hersam,  W.  S.  Morley. 

Bom  1898,  Los  Angeles,  Cal.  1904-12,  Public  School,  Los  Angeles,  Cal.  1912-^16, 
Polytechnic  High  School,  Los  Angeles,  Cal.  1917,  Summer,  Con.  Virginia  mine, 
Virginia  City,  Nev.     1918,  Midwest  Refin.  Co.,  Denver,  Colo. 

Present  position — 1916  to  date:  Student,  S.  A.  T.  C,  University  of  California. 

Lenn  Pins  Lee,  Houghton,  Mich. 
Proposed  by  A.  P.  Allen,  F.  W.  Sperr,  J.  B.  Cunningham. 

Bom  1894,  Hong  Kong,  China.    1917-1918,  Queen's  College,  St.  Stephen's  College, 
Montana  State  School  of  Mines,  Michigan  College  of  Mines. 
Present  position:  Student,  Michigan  College  of  Mines. 

William  Stephen  Levings,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  Irving  A.  Palmer. 

Bom  1897,  Denver,  Colo.  1912-1916,  St.  Mary's  College,  St.  Marys,  Kans. 
1916-18,  Colorado  School  of  Mines.  1917,  2  months,  Rodman,  Bonanza  Min.  Co., 
building  aerial  tram. 

Present  position:  Student,  Colorado  School  of  Mines. 

Edgar  K.  MuU,  State  Collie.  Pa. 

Proposed  by  E.  8.  Moore,  William  R.  Chedsey,  W.  R.  Crane. 
Bom  1898,  Jeannette,  Pa. 

Present  position:  Senior  Student,  Metallurgy,  School  of  Mines,  Pennsylvania 
State  Collie. 
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Edward  "^^cent  O'Rourke,  Columbus,  O. 

Proposed  by  Harry  E.  Nold,  William  J.  McCaughey,  Frank  A.  Ray. 
Bom  1895,  Columbus,  O.     1908-12,  High  School-Aquinas,  Columbus.  0.    1914- 
15,   Notre  Dame  Univ.,   Min.  Course.     1915-17,  Ohio  State  Univ.,  Min.  Course. 
Present  position — 1918  to  date:  Min.  Engrg.,  student,  Ohio  State  Univ. 

Clarence  Watson  Owings,  State  Collie,  Pa. 

Proposed  by  E.  S.  Moore,  William  R.  Chedsey,  W.  R.  Crane. 

Bom  1894,  Gaithersburg,  Md.  1914,  Machinist,  Auto  Car  Co^  ArdmoreL  Pa. 
1915,  Coal  Inspector.  The  Cons.  Coal  Co^  Jenkins,  Ky.  1916,  Coal  Testing  Labora- 
torjr.  The  Cons.  Coal  Co.^  Fairmont,  W.  Va.     1917-18,  Same  as  above. 

rresent  position:  Semor,  Pennsylvania  State  College. 

William  Isaac  Potteiger,  State  College,  Pa. 

Proposed  by  E.  S.  Moore,  William  R.  Uhedsey,  W.  R.  Crane. 

Bom  1896,  Reading,  Pa. 

Present  position:  Student,  Pennsylvania  State  College. 

Maurice  Simon^  McKees  Rocks,  Pa. 

Proposed  by  William  R.  Chedsey,  E.  S.  Moore,  W.  R.  Crane. 
-Bom    1898,    New   York   City.     1915-19,    Pennsylvania   State   College.    1918, 
Inspector,  British  War  Mission  Ordnance,  McKees  Rocks,  Pa. 

Present  position:  Senior  student,  Min.  Engrg.,  Pennsylvania  State  College,  F&. 

Donald  Cromer  Waidlich,  Mercersburg,  Pa. 
Proposed  by  William  R.  Chedsey,  E.  8.  Moore,  W.  R.  Crane. 
Bom  1896,  Mercersburg,  Pa.     Pennsylvania  State  College.     General  work  around 
mine.     Asst.  man  on  engineering  corps. 
Present  position:  Student. 

Paul  Weir,  Windber,  Pa. 

Proposed  by  William  R.  Chedsey,  E.  S.  Moore,  W.  R.  Crane. 

Bom  1894,  Punxsutawney.  Pa.  1910^16,  Chainman,  Map  Draftsman,  Berwind- 
White  Coal  Min.  Co.,  Windber,  Pa.  1917,  Asst.  Engr.,  General  Engrg.  Practice, 
Johnstown,  Pa.     1918.  Engr.,  Berwind- White  Coal  Min.  Co. 

Present  position :  Student,  Pennsylvania  State  College. 

Harold  Ellsworth  Woodlief,  Buffalo.  N.  Y. 

Proposed  by  J.  B.  Cunningham,  A.  P.  Allen,  F.  W.  Sperr. 

Bom  1892,  St.  Louis,  Mo. 

Present  position:  Student,  Michigan  College  of  Mines. 

Change  of  Statits — Junior  to  Member 

Joseph  T.  Ku^erstein.  Shreveport,  La. 

Proposed  by  Charles  R.  Eckes,  Alan  Bmyere,  E.  W.  Shaw. 

Bom  1892,  New  York,  N.  Y.  1898-1905,  New  York  Public  Schools.  1906-10, 
DeWitt  Clinton  High  School,  New  York,  N.  Y.  1910-13  and  14-16,  School  of  Mines, 
Columbia  University.  1913-14,  Representative,  Crown  Reserve  Min.  Co.,  Cobalt, 
Ont.,  Canada.  1914,  Sampler,  Crown  Reserve  mine.  1914,  Rei)resentative,  Can- 
bean  cobalt  mine,  cyanide  mill.  1915,  Crusherman,  drill  helper,  miner.  International 
Nickel  Co.,  Copper  Cliff,  Ont.,  Canada. 

Present  position — 1916  to  date:  GreoL,  The  Texas  Co. 
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STANDING  COMMITTEES 

ExectUive — Sidney  J.  Junninob,  chairman. 

Memberahip—KAtih  Eilsrs,  chairman. 

Fifumctf— Gbobob  D.  Barron,  chairman. 

Librartf — E.  Gtbbon  Spilsburt,  chairman. 

Papers  and  Publicatiofu — Bradlrt  Stouqhton,  chairman. 

Nominaiiofu — R.  V.  Norrxb,  chairman. 

IfutUuU  of  MeUUa  Divinon — William  M.  Corbr,  chairman;  Frbd  L.  Wol7,  Becretary,  Ohio  BraM  Co. 
Mansfield,  Ohio. 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

New  York — ^Allbn  H.  Roobbs,  chairman;  W.  S.  Dickson,  Becretary.  71  Broadway,  New  York,  N.  Y. 

Meeta  first  Wednesday  after  first  Tuesday  of  each  month. 

Boston — ^Alvrbd  C.  Lanb,  chairman;  H.  M.  Boylbton,  secretary-treasurer,  26  Abbot  Bide.,  Cambridge* 

Mass. 

Meets  first  Monday  of  each  winter  month. 

Columbia — S.  S.  Fowlbb,  chairman;  Lyndon  K.  Armbtbono,  seoretary-treaaurer,  720  Peyton  Bldg.> 
Spokane,  Wash. 

Holds  four  sessions  during  year.    Annual  meeting  in  September  or  October. 

Pugot  Sound — Hbnry  Landbb,  chairman;  Pbrcy  E.  Wbiqht,  secretary-treasurer,  2012  L.  C.  Smith 

Bldg.,  Seattle,  Wash. 

Meeta  second  Saturday  of  each  month. 

SoiUhern   California — Ralph   Arnold,   chairman;   Alvin   B.    Cabpbntbr,   secretary-treasurer,   530 
Citizens  National  Bank  Bldg.,  Los  Angeles,  Cal. 

Colorado — Charlbs  M.  MacNbill,  chairman;  Frbd  Carroll,  seoretary-treasurer,  State  Capitolt 
Denver,  Colo. 

Montana — N.  B.  Braly,  chairman;  E.  B.  Youno,  secretary-treasurer,  526  Hennesy  Biulding,  Butte, 
Mont. 

San  Francisco — Roy  H.  Elliott,  chairman;  W.  H.  Shocklby,  secretary-treasurer,  959  Waverley  St.. 
Palo  Alto,  Cal. 

Meets  second  Tuesday  of  each  month. 

Pennsylvania  Anthracite — R.  V.  Norrib,  chairman;  Paul  Stbrlino,  secretary-treasurer,  Lehigh  Valley 
Coal  Co.,  Wilkes-Barre.  Pa. 

St.  Louis — ^EuGBNB  McAuLiFrB,  chairman;  Waltbr  E.  McCourt,  secretary-treasurer,  Washington 
Univ.,  St.  Louis,  Mo. 

Chicago — Charles  H.  MacDowbll,  chairman;  Hbnry  W.  Nichols,  seoretary-treasurer,  Field  Museum 
of  Natural  History,  Chicago,  111. 

Utah — William  Wraith,  chairman;  F.  G.  Mosbb,  secretary-treasurer,  University  of  Utah,  Salt  Lake 
City,  UUh. 

Aruona — It.  O.  Howard,  chairman;  H.  L.  Norton,  secretary-treasurer.  Globe,  Aria. 

Nevada — R.  E.  H.  Pombroy,  chairman;  Hbnry  M.  Rivbb,  secretary-treasurer,  210  Reno  National 
Bank  Bldg.,  Reno,  Nev. 

Tulsa — ^Alv.  G.  Hboobm,  chairman;  Jambb  H.  Gardnbr,  secretary-treasurer,  Tulsa,  Okla. 

WashiTigton,  D,  C. — Hbrbbrt  C.  Hoovbr,  chairman;  Harvby  S.  Mudd,  secretary-treasurer,  Room 
2114,  Dept.  of  Interior  Bldg. 

Mexico  (Instituto  Mexicano  de  Minas  y  Metalurgia.) — Victor  M.  Braschi,  chairman,  Committee  on 
Organisation. 

COMMITTEE  ON  ARRANGEMENTS,  NEW  YORK  (119TH).  MEETING,  1919 

Allbn  H.  Roqbrb,  chairman;  W.  S.  Dickbon,  aecretary. 
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COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 

STUDENT  SOCIETIES 

Chahlss  H.  Fulton,  chairman;  Wai.tvb  .R.  Ckamx,  Mcretary,  PennsyWania  State  College,  State 
College,  Pa. 


COMMITTEE  ON  INCREASE  OF  MEMBERSmP 

J.  V.  N.  DoBB,  ohairman;  fl.  C.  Parmblbb,  secretary,  Chem.  dt  Met.  Bno.,  10th  Ave.  &  36th  St.,  New 
York.  N.  Y. 


INSTITUTE  REPRESENTATIVES 

United  Engineering  Sociely  Trtuleee — Chablbs  F.  Rakd,*  W.  L.  Saundbb8,>  Bbmjamin  B.  Tkatxb.* 

Engineering  Foundaiion — R.  M.  Raymond,!  J.  W.  Richabds,  Bbnjamin  B.  Thatbb.> 

Library  Board,  United  Engineering  Society — Alkx  C.  HuMPHBBTa,*  J.  H.  Janbwat,*  E.  Gtbbon  Spxlb- 
BUBT.i  GsdBOB  C.  Stonb,*  Bbadlbt  Stouobton. 


John  Frits  Medal  Board  of  Award — C.  R.  Cobnino,'  Chablbb  F.  Rand.^  E.  Gtbbon  SpiLflBiTBT,* 
Bbnjamin  B.  Thatbb.* 

Engineering  Council — ^J.  Pabkb  Channxno,*  8.  J.  jBNNXNoa,!  B.  B.  Lawbbncb,i  Edwut  Liti>ix>w,* 
P.  N.  MooBB.a 

American  Aeeociation  for  the  Advancement  o*  Science — ^Walobmab  Lindobbn,  Jobbph  B.  TTB&xuk 

Committee  on  l^ndardisation  of  Graphical  Method* — ^Jubd  Stbwabt. 

Joint  Committee  on  War  Minerale — William  Y.  Wbbtbbvblt. 

CommiUee  on  Mining  Law  Retieion — Jambs  R.  Finlat,  D.  C.  Jacklino,  Hbnnbn  jBNMiMoa«  C.  F. 
Kbllbt,  Edmund  B.  Kibbt. 

NatioruU  Beaearch  Council — P.  N.  Moobb. 

Naval  ConeuUing  Board — William  L.  Saundbbs,  Bbnjamin  B.  Thatbb. 


WAR  MINERALS  COMMITTEE 

William  Youno  Wbstbbvblt,  chairman,  repreaenting  A.  I.  M.  £.,  and  M.  and  M.  Soo.  of  Am.;  A 
G.  Wbitb,  secretary,  repreaenting  U.  8.  Bureau  of  Mine*. 

TECHNICAL  COMMITTEES 
Iron  and  Steel 

Joseph  W.  Richabds,  chairman,  Lehigh  Univ.,  So.  Bethlehem,  Pa. 

Sitb-cotnmiUeea 

Iron  Ore — Dwioht  E.  Woodbbidqb,  chairman. 

Blaet  Fumacee — H.  A.  Bbassbbt,  chairman. 

Steel  Worke — Henbt  D.  Hibbabd,  chairman. 

Mechanical  Treatment — ^A.  A.  Stevenson,  chairman. 

Foundry — Richabd  Moldbnkb,  chairman. 

Chemistry,  Phyeiet,  and  Metallography — Hbbbbbt  M.  Botlbton,  chairman. 


1  Until  Fe^.,  1919.       *  UntU  Feb.,  1920.       >  UnUl  Feb.,  1921.       «  Until  Feb.,  1922. 
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Petrolbum  and  Gas 

AivTHONT  F.  LucAB,  ohairmftn;  Isaac  N.  Knapp,  ■eoretary. 

Coal  and  Cokb 

8AMT7BL  A.  Tatu>r,  chairman;  Wiu^iam  £.  Fohl,  Beeretary,  Farmen'  Bank  Bldg.,  Pittaburgb,  Pa. 

Precious  and  Babe  Metals 

Charlbs  W.  Goodalb,  chairman;  Dabbu  C.  Babd,  secretary ,  Montana  State  School  of  Minefl,  Butte* 
Mont. 

SvihcommiUeea 

Coj>per — ^Edward  P.  Mathbwbon,  chairman. 

Ooid  aitd  Siher — F.  Ltnvood  Garrison,  chairman. 

Lead — Hbinrich  O.  Hofkan,  chairman. 

Zinc — Geobob  C.  Stonb,  chairman. 

Miacellaneotu  MetaU—CuAXLSB  H.  Fnx/roN,  chairman. 

Placer  Depo»iU — Chablbs  Janin,  chairman. 

Non-metallic  Minerals 

HsiNBiCB  Ribs,  chairman;  William  C.  Phalbn,  secretary,  U.  S.  Bureau  of  Mines,  Washington,  D.  C. 

Mining  Gboloot 

JoHK  W.  Finch,  vice-chairman;  L.  C.  Gratom,  secretary.  Harvard  Geological  Museum,  Cambridge, 
Mass. 

Mining  Methods 

RoBBRT  M.  Catlin,  chairman;  Benjamin  F.  Tillson,  secretary,  Franklin  Furnace,  N.  J. 

Milling  Mbthops 

RoBBBT  H.  Richards,  chairman;  Charlbs  E.  Lockb,  secretary,  Mass.  Institute  of  Technology,  Boston, 
Msss. 

Mining  Law 

Cornblius  F.  Kbllbt,  chairman. 

The  Use  of  Electricity  in  Mines 

William  Kbllt,  chairman. 

Industrial  Organization 


T.  T.  Rbad,  chairman. 


Sub-committees 


AmericaniKUion — Hbnnen  Jennings,  chairman.     (To  codperate  with  National  Americanisation  Com- 
mittee.) 
Cripple*  in  Indttatry — B.  A.  Robinson,  chairman.     (To  codperate  with  the  Surgeon  General,  U.  S.  A., 

and  the  Red  Cross  Institute.) 
Sdueaiion — £.  £.  Bach,  chairman.     (To  codperate  with  National  Association  of  Corporation  Schools.) 
Employment — H.  M.  Wilson,  chairman.     (To  codperate  with  U.  S.  Department  of  Labor.) 
Houeino — C.  R.  Hook,  chairman.     (To  codperate  with  National  Housing  Association,  and  U.  S.  Dept. 
of  Labor.) 

Mental  HyqieM  in  Induatrv — T.  T.  Read,  chairman.  (To  codperate  with  National  Committee  for 
Mental  Hygiene.) 

Prevention  of  lUneti — H.  I.  Young,  chairman.  (To  codperate  with  American  Public  Health  Associa- 
tion, etc.) 

Sa/etif — B.  F.  Tillson,  chairman.     (To  codperate  with  National  Safety  Council.) 

Social  Survey* — C.  W.  Goodalb,  chairman.     (To  codperate  with  Russell  Sage  Foundation.) 


Ix  Monthly  Bulletin  No.  144,  December,  1918 


OFFICERS  AND  DIRECTORS 

For  the  year  ending  Februuy,  1919 

President 
SIDNEY  J.   JENNINGS, Nbw  York,   N, 

Past  Presidents 

L.  D.  RICKETTS, New  York,  N 

PHILIP  N.  MOORE, St.  Louis, 

First  Vice-president 
C.  W.  GOODALE, Butte, 

Treasurer 
GEORGE  C.  STONE, New  York, 

Secretary  Emeritus 
ROSSITER  W.  RAYMOND, New  York, 

Secretary 
BRADLEY  STOUGHTON, New  York,    N. 


KARLEILERS,* 

JAMES  MacNAUGHTON,! 
CHARLES  W.  GOODALE,* 
MARK  L.  REQUA,«  .  .  . 
HENRY  S.  DRINKE!R,»  . 
ROBERT  M.  RAYMOND,' 


Vice-presidents 

.  District  0 New  York, 

.  District  4 Calumet, 

.  District  5 Butte,  M< 

.  District  6 San  Francisco, 

.  District  2 So.  Bethlehem,  | 

.  District  0 New  York, 


Directors 


GEORGE  D.  BARRON,! District 

EDWIN  LUDLOW,  1 District 

CHARLES  F.  RAND,  1 District 

THOMAS  B.  STEARNS,  1 District 

B.  B.  THAYER,! District 

J.  E.  JOHNSON,  JR.,« District 

ALLEN  H.  ROGERS,' District 

HOWARD  N.  EAVENSON,«     .    .    .  District 

J.  V.  N.  DORR,* District 

WILLET  G.  MILLER,* District 

FREDERICK  G.  COTTRELL,*    .    .  District 

HENNEN  JENNINGS,' District 

GEORGE  C.  STONE,* District 

SAMUEL  A-  TAYLOR,* District 

ARTHUR  THACHER,* District 


0 New  York, 

2 Lansford, 

0 New  York,  K 

7 Denver, 

0 New  York,  Nj 

0 New  York,  N, 

1 Boston, 

9 Gary,  W. 

0 New  York,  N. 

11 Toronto,  Can. 

6 San  Francisco, 

9.    .....    .  Washington, 

0 New  York,  N 

2 Ptfibburgh, 

3 .St.  Louis, 


!  Until  Feb.,  1919. 


*  Until  Ffeb.,  192a 


*UntUFeb..  192L 


All  eommiuUcalioB*  la  nfMMie*  to  •ppUeatioiu  thoald  b«  addreiMd  to  THB  SBCRBTAKT, 
AMBRICAH IHSTITUTB  OF  MlimrO  BKOIHBKRS,  39  W«st  39th  Street.  Bcw  Tork 

American  Institute  of  Mining  Engineers 

APPLICATION 


/, 


(Give  name  in  full:  initial*  not  sufficient.) 


residing  at. 


.,  desire 


(Give  an  addreta  at  which  you  may  be  reached  during  the  next  four  months) 

{€ulfiviUed     ] 
\  as in  the  American  Institute 
transferred  J           (Member;  Aaeociate;  Jun.  Aaoe.) 

f  of  Mining  Engineers^  and  submit  the  following  as  my  professional  record: 
'  /  was  bom  at on . 


and  am  a  citizen  of. 


(Place  and  date  of  birth) 


School  or  College 


Dates 


/  was  educated  at 

(A  teohnioal  education  ie 

not  requisite  for 

membership.) 


1  graduated  in 


(Date) 


.,  and  received  the  degree  of 


If  you  wish  the  Institute  to  secure  the  necessary  signatures  please  give  below 
the  names  of  at  least  five  members  or  assoeiateB  with  whom  you  are  ac> 
quainted.     A  list  of  members  will  be  sent  on  application. 

,     /  r^er  to  the  following  Members  or  Associates 


) 


Signature  of 
three  Members 
or  Aesociates 


Give  the  namce  of  at 

least  five  Members  or 

-Associates. 

This  information  need 
not  be  given  if  three 
members  or  associates 
•ign  the  proposal  blank. 


The  initiation  fee  for  Members  and  Associate's  is  $10,  in  addition  to  which 
the  annual  dura  for  the  current  calendar  year  are  $12.  The  yearly  dues  of 
Junior  Members  are  $5,  and  they  pay  no  initiation  fee  until  transferred  to 
anot  her  grade  of  membership.  The  annual  dues  for  the  current  year  are  pajTAp 
ble  upon  election. 


REQUIREMENTS  FOR  MEMBERSHIP 

Extract  From  Constittitioii 

ARTICLE  II 

Members 

Sec.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely: 
1.  Members;  2.  Honorary  Members;  3.  Associates;  4.  Junior  Associates. 

All  members  shall  be  equally  entitled  to  the  privileges  of  membership,  excepting 
that  Honorary  Members,  Jumor  Associates,  and  Members  and  Associates  whose 
residences  shall  be  outside  of  the  United  States,  Mexico^  and  CiEmada,  shall  not  be 
entitled  to  vote.  Members  and  Associates  residing  within  the  United  States  of 
America,  Mexico,  and  Canada,  and  not  in  arrears  for  dues,  shall  be  entitled  to  vote  in 
person  at  the  meetings  of  the  Institute,  or,  as  hereinafter  provided  for,  by  letter 
Didlot. 

Sec.  2.  MEMBERS  shall  comprise  all  those  persons  who  on  the  third  Monday 
of  February,  1918,  were  members  of  the  Institute,  and  in  addition  thereto,  all  those 
thereafter  elected  or  transferred  into  the  class  of  Members. 

MEMBERS  must  be  at  least  27  years  of  age  and  must  have  had  at  least  six  gears' 
employment  in  the  practice  of  engineering,  mining,  geology,  metallurgy  or  chemistiy, 
during  at  least  three  years  of  which  they  must  have  neld  positions  of  responsibility  in 
one  or  more  of  these  fields. 

Graduation  from  the  scientific  course  of  a  college,  approved  by  the  Committee  on 
Membership,  shall  be  considered  equivalent  to  two  years'  employment,  as  required 
in  the  previous  sentence. 

Employment  as  a  teacher  of  engineering,  mining,  geology,  metallurgy  or  chemistry, 
if  in  direct  charge,  may  be  considered  a  position  of  responsibility  as  specified  in  the 
second  preceding  paragraph. 

Persons  employed  in  research  or  any  scientific  literary  work  or  in  teaching  in  the 
scientific  departments  of  colleges,  approve  by  the  Committee  on  Membership,  who 
at  the  same  time  are  engaged  in  consulting  or  in  the  active  practice  of  mining,  geology, 
or  metallurgy,  shall  be  entitled  to  consider  the  time  so  spent  in  active  practice  as 
equivalent  to  an  eoual  length  of  time  of  employment  in  jpositions  of  responsibility^, 
provided  the  work  aone  or  the  positions  held  seem  to  the  Committee  on  Membership 
to  warrant  the  equivalency. 

The  requirement  of  three  years'  employment  in  positions  of  responsibility  may  be 
waived  by  the  Committee  on  Membership  m  the  case  of  persons  who  have  done  notable 
original  work  in  mining,  geology,  or  metallurgy,  or  have  won  distinction  by  research  or 
investigations  in  one  or  more  of  these  subjects.  By  investii^ation  or  research  is 
understood  laboratory  experimentation  as  distinct  from  investigations  in  literature 
or  compilations  of  the  work  of  others. 

ASSOCIATES  shall  be  those  who,  in  the  opinion  of  the  Committee  on  Membership 
and  the  Board  of  Directors^  are  suitable  for  such  election  or  transfer  by  reason  of  their 
interest  in  or  connection  with  mining,  geology,  metallurgy,  or  chemistry. 

JUNIOR  ASSOCIATES  shall  comprise  all  students  in  good  standing  in  engineer- 
ing schools,  whp  have  not  taken  their  degrees  and  are  nominated  by  at  least  three 
members,  two  of  whom  must  be  their  instructors.  A  Junior  Associate  may  remain 
such  not  longer  than  five  years  after  leaving  the  engineering  school,  at  the  end  of 
which  period  his  qualifications  to  become  a  Member  or  Associate  must  be  passed 
upon  by  the  Committee  on  Membership.  If  elected  he  shall  pay  at  that  time  the 
entrance  fee  and  dues  of  a  Member  or  Associate. 

In  case  there  is  any  question  as  to  the  classification  of  a  candidate  the  Committee 
on  Membership  may  require  from  him  any  evidence  he  desires  to  present  and  the 
decision  of  the  Committee  as  to  the  proper  status  shall  be  final. 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Associate  must  be 
proposed  for  election  by  at  least  three  Members  or  Associates,  must  be  approved  by 
the  Committee  on  Membership,  as  prescribed  in  the  By-Laws,  and  must  be  elected 
bv  the  Board  of  Directors. 
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The  Engineering  Work  of  the  National  Research  Council 

BY  HENRY  M.  HOWE* 
(Milwaukee  Meeting.  October,  1918) 

1.  The  purpose  of  the  National  Research  Council  as  organized 
for  war  purposes  is  twofold,  to  stimulate  those  outside  its  own  personnel 
to  conduct  researches  of  importance  for  winning  the  war  and  to  carry 
on  such  researches  through  its  personnel  to  a  limited  extent.  How  this 
is  done  is  explained  in  Section  10.  "Research"  is  used  here  in  a  very 
broad  sense,  including,  for  instance,  inventing  and  developing  mechanical 
and  physical  devices. 

The  need  of  this  work  arises  from  the  inevitable  concentration  of  most 
of  the  governmental  war  agencies  on  the  production  and  transportation 
of  war  materials  of  the  types  now  adopted,  as  distinguished  from  devising 
new  kinds  of  instrumentalities,  such  as  armor,  guns,  aircraft,  and  ap- 
paratus for  detecting,  locating,  observing,  signaling,  transporting,  and 
many  other  military  purposes.  But  it  is  important  that  we  should  devise 
new  agencies.  The  war  came  near  being  won  by  an  invention,  the  sub- 
marine, and  its  course  has  been  affected  greatly  by  two  other  inventions, 
tanks  and  aircraft.  In  spite  of  our  numerical  superiority  victory  may 
well  be  snatched  from  us  by  an  invention,  if  we  allow  Germany  to  out- 
strip us  in  inventing.  Hence  the  importance  of  the  CounciFs  work  in 
mobiUzing  and  organizing  the  services  of  the  patriotic  civilian  experts 
throughout  the  country,  so  as  to  bring  their  powers  to  bear  on  important 
war  problems  and  on  inventing  war  devices,  as  an  adjunct  to  the  develop- 
ment work  of  the  regular  governmental  bodies. 

2.  Statics  of  the  Council. — Though  President  Wilson's  request  caused 
the  Council  to  be  created  by  the  National  Academy  of  Sciences  under  its 
congressional  charter  in  1916;  though  his  executive  order  of  May  11, 
1918,  directs  the  heads  of  "Governmental  departments  immediately 
concerned"  to  "continue  to  co-operate  with  it  in  every  way  that  may 
be  required;"  and  though  the  Government  has  contributed  largely  to  its 
financial  support  (Section  12,  page  10),  it  is  not  a  department  of  the 
Government  but  an  independent  research  body,  aiming  to  evolve  the 
necessary  mechanism  for  the  novel  work  of  systematic  stimulation  and 
guidance  of  research.  Thus  the  Government,  which  instigated  the 
creation  of  the  Council,  recognizes  and  collaborates  with  it,  and  in  part 
supports  it. 

The  Council  acts  moreover  as  the  Department  of  Science  and 
Research  of  the  Council  of  National  Defense. 

*  Qiairman  of  the  Division  of  Engineering  of  the  Council. 
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3.  The  war  organization  consists  of  nine  divisions^  as  follows: 

I.  Division  of  General  Relations, 
n.  Military  Division. 

III.  Division  of  Engineering. 

IV.  Division  of  Physics,  Mathematics,  Astronomy,  and  Geophysics. 
V.  Division  of  Chemistry  and  Chemical  Technology. 

VI.  Division  of  Geology  and  Geography. 
VII.  Division  of  Medicine  and  Related  Sciences. 
VIII.  Division  of  Agriculture,  Botany,  Forestry,  Zoology,  and  Fisheries. 
IX.  Research  Information  Service. 

4.  The  Organization  of  the  Division  of  Engineering. — It  is  made 
of  four  sections  as  follows: 

1.  Prime  Movers.    L.  S.  Marks,  Chairman. 

2.  Mechanical  Ekigineering.     W.  J.  Lester,  Chairman, 

Committee: 

Fatigue  of  Metals.     H.  F.  Moore,  Chairmaru 

3.  Metallurgy.     Bradley  Stoughton,  Chairman. 

Committees: 

Helmets  and  Body  Armor.     Major  Bashford  Dean,  Chairman, 
Ferro- Alloys.    J.  E.  Johnson,  Jr.,  Chairman, 
Steel  Ingots.    Lt.  Col.  W.  P.  Barba,  Chairman. 
Pyrometer.    George  K.  Burgess,  Chairman. 

Improvement  of  Metals  by  Treatment  at  a  Blue  Heat.    Zay  Jeffries, 
Chairman. 

4.  Electrical  Engineering.    C.  A.  Adams,  Chairman. 

Committee  jointly  under  Metallurgy  and  Electric  Engineering;  Electric 
Welding  and  Ships.     H.  M.  Hobart,  Chairman, 

We  expect  to  organize  additional  committees  in  the  near  future. 
These  sections  are  directed  by  an  Executive  Committee  consisting 
of  the  Chairman  of  the  Division  and  of  the  four  Sections. 
In  addition  there  is  an  Advisory  Conmiittee  consisting  of: 


Van  H.  Manning 
Pope  Yeatman 
D.  W.  Brunton 
Ambrose  Swasey 
George  S.  Webster 
Philip  N.  Moore 
John  R.  Freeman 
C.  A.  Adams 
A.  A.  Stevenson 
W.  B.  Price 
Edward  P.  Hyde 


Officially 

representing 

the 


U.  S.  Bureau  of  Mines. 

War  Industries  Board. 

Naval  Consulting  Board. 

Engineering  Foundation. 

American  Society  of  Civil  Engineers. 

American  Institute  of  Mining  Engineers. 

American  Society  of  Mechanical  Engineeis. 

American  Institute  of  Electrical  Engineers. 

American  Society  for  Testing  Materials. 

American  Institute  of  Metals. 

Illuminating  Engineering  Society. 


W.  H.  Burr 
Gano  Dunn 
George  C.  Stone 
W.  R.  Walker 
F.  M.  Waring 
L.  B.  StiUweU 


Members  at  large. 
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The  Advisory  Committee  meets  at  intervals  to  direct  the  general 
policy  of  the  division.  All  the  other  committees  are  actively  engaged 
on  their  several  problems,  though  one  of  them  has  been  delayed  by  ill- 
ness and  other  complications. 

5.  The  sources  of  our  problems  are  very  varied.  Some  come  from 
various  governmental  bodies,  some  from  the  industries  and  the  engi- 
neering societies,  some  from  inventors  and  the  general  public,  and  some 
from  our  own  staff. 

Problems  and  projects  the  solution  and  development  of  which  promise 
to  be  useful  either  for  war  or  peace,  for  industry  or  for  science,  are  our 
grist.  By  sending  them  to  us  this  Institute  and  the  engineering  profes- 
sion in  general  will  enable  us  to  broaden  our  service  to  them,  and  indeed 
to  mankind.  So,  too,  we  welcome  offers  of  codperation  from  professional 
experts,  whether  through  work  done  in  their  libraries  and  laboratories, 
through  sending  us  important  data,  or  otherwise. 

6.  Researches  by  Experts  Outside  of  our  Personnel, — ^Let  me  illus- 
trate these  by  means  of  certain  researches  which  the  Section  of  Met- 
allurgy has  in  hand. 

The  winning  of  the  war  is  retarded  appreciably  by  the  delay  caused 
by  the  rejections  in  making  certain  important  kinds  of  forgings,  such  as 
shells,  crankshafts,  cannon,  etc.  These  rejections  are  due  chiefly  to 
faulty  procedure  in  making  and  forging  the  steel  ingots  themselves. 
The  faultiness  exists  because  the  rapid  increase  in  the  demand  for  such 
ingots  has  led  many  into  this  manufacture  without  sufficient  experience. 
The  problem  thus  is  "  How  can  we  bring  the  procedure  of  the  relatively 
inexperienced  up  to  that  of  the  best  makers?''  We  are  trying  to  solve  it 
by  means  of  our  Steel  Ingot  Committee,  composed  of  men  who  are  recog- 
nized by  all  as  among  the  most  capable  experts  on  this  subject  in  the 
world,  under  the  chairmanship  of  Lieutenant-Colonel  W.  P.  Barba,  him- 
self one  of  the  highest  authorities.  '  It  contains  representatives  of  the 
Ordnance  Department,  the  Bureaus  of  Standards  and  of  Mines,  Beth- 
lehem, Midvale,  the  United  States  Steel  Corporation,  the  Illinois  Steel 
Company,  the  Crucible  Steel  Company  of  America,  and  the  Standard 
Steel  Company.  We  may  strengthen  this  committee  still  farther  by 
adding  to  it  French  and  British  experts  of  like  eminence. 

We  expect  this  committee  to  prepare  a  set  of  detailed  directions 
constituting  "  Recommended  Practice."  Appearing  over  names  of  such 
weight  it  should  immediately  become  standard.  Its  existence  should 
not  only  instruct  the  manufacturers  needing  instruction,  thus  reducing 
the  personal  equation  to  a  minimum,  but  also  strengthen  the  hands 
both  of  those  drawing  up  contracts  and  of  the  inspectors  who  enforce 
them.  Moreover  it  should  do  this  at  one  motion  for  all  branches  of  the 
Government. 

7.  Pyrometry. — One  of  the  points  on  which  definite  instruction  should 
be  given  for  this  very  matter  of  ingot  making  is  the  temperature  of  the 
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molten  metal  in  the  open-hearth  and  electric  steel  furnaces.  Because 
no  pyrometer  for  determining  this  temperature  exists^  a  necessary  step 
in  our  evolution  is  to  devise  one.  This,  though  in  part  a  question  of 
pyrometry,  is  also  in  large  part  one  of  refractory  materials. 

To  solve  this  problem  a  committee  has  been  formed  under  the  chair- 
manship of  Dr.  George  K.  Burgess,  of  the  Bureau  of  Standards,  and  with 
representatives  of  Leeds  &  Northrup  for  pyrometry;  of  the  Norton 
Company,  the  Joseph  Dixon  Crucible  Company,  and  the  Harbison- 
Walker  Refractories  Company  for  refractory  materials;  and  of  the  Mid- 
vale  Steel  and  Ordnance  Company  and  iihe  Taylor  Wharton  Iron  and 
Steel  Company  for  steel  making.  These  two  steel  making  companies 
have  placed  their  open-hearth  and  electric  furnaces  at  the  disposal  of 
the  committee  for  this  work. 

8.  Our  other  committees  are  working  in  like  manner  on  problems 
of  immediate  importance  for  war-winning.  Thus  the  Committee  on  the 
Fatigue  of  Metals,  linder  Professor  H.  F.  Moore,  of  the  University  of 
Illinois,  is  directing  its  study  toward  the  endurance  of  aircraft  crank- 
shafts and  of  the  electric  welds  in  welded  ships.  That  on  Ferro-alloys, 
under  J.  E.  Johnson,  Jr.,  is  studying  the  saving  of  manganese  along  three 
distinct  lines,  that  of  bringing  the  work  of  the  least  successful  smelters 
up  to  that  of  the  most  skillful  ones,  that  of  replacing  part  of  the  mangan- 
ese used  in  steel  making  with  other  deoxidizing  agents,  and  that  of  lower- 
ing the  manganese  requirements  of  existing  engineering  specifications. 

This  work  incidentally  calls  for  the  determination  of  many  melting 
points  of  the  combinations  of  oxides  resulting  from  the  substitution  of 
other  deoxidizing  agents  for  manganese.  A  large  number  of  research 
laboratories  at  many  educational  institutions  and  industrial  works  are 
collaborating  in  this  difficult  work. 

This  general  study  is  carried  on  jointly  by  this  committee  and  the 
United  States  Bureaus  of  Mines  and  of  Standards  and  the  Geophysical 
Laboratory. 

The  study  of  the  treatment  of  metals  at  a  blue  heat  is  in  the  hands  of 
a  committee  headed  by  Dr.  Zay  Jeffries,  Director  of  the  Research  De- 
partment of  the  Aluminum  Castings  Company,  which  has  contributed 
so  much  to  the  development  of  our  aircraft.  This  difficult  study 
promises  results  of  great  value. 

9.  Electric  Welding. — The  Committee  on  the  JElectric  Welding  of 
Ships,  under  the  chairmanship  of  Mr.  H.  M.  Hobart  of  the  General  Elec- 
tric Company,  is  making  an  exhaustive  study  of  the  technical  and  es- 
pecially the  metallurgical  problems  which  arise  in  substituting  electric 
welding  for  the  customary  riveting  of  steel  ships.  It  is  a  division  of  the 
Electric  Welding  Committee  of  the  Emergency  Fleet  Corporation.  Its 
investigations  are  carried  on  at  many  different  works  and  laboratories, 
notably  those  of  the  General  Electric  Company  and  the  Bureau  of 
Standards. 
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10.  Researches  by  our  own  personnel  are  illustrated  by  the  Section 
of  Mechanical  Engineering,  under  Chairman  Lester.  It  has  long  had  its 
own  engineers  and  draftsmen,  and  it  now  has  in  addition  the  laboratories 
and  machine  shop  of  the  Carnegie  Institute  of  Pittsburgh.  By  means  of 
these  the  rather  nebulous  but  attractive  inventions  ojffered  us  are  devel- 
oped in  co5peration  with  the  Division  of  Physical  Sciences,  into  definite 
concrete  form,  in  which  the  military  authorities  may  judge  quickly  as  to 
their  present  and  future  utility.  In  some  cases  we  complete  the  appara- 
tus fully  enough  for  actual  service  tests. 

Among  the  inventions  which  this  section  is  now  developing,  in  part 
in  cooperation  with  the  Division  of  Physics,  are  these: 

1.  A  special  gun  for  use  on  airoraft. 

2.  A  special  drive  connected  with  it. 

3.  Control  for  aircraft. 

4.  Aircraft  propellers. 

5.  Aircraft  fuel. 

6.  Tankb  of  various  tyx)es. 

7.  Mechanism  for  the  control  of  trucks. 

8.  Special  type  of  tractors. 

9.  Special  telescopes. 

10.  Special  balloons. 

11.  Parachutes. 

12.  Special  aircraft  motors. 

Military  considerations  prevent  indicating  more  closely  the  nature 
of  these  inventions. 

The  stages  in  which  these  devices  now  are  vary  all  the  way  from  pre- 
liminary design  to  nearly  complete  readiness  for  production. 

In  addition  we  have  before  us  many  other  promising  proposals  i/t^hich 
we  cannot  develop  for  lack  of  funds. 

11.  GovemmerU  Support, — In  some  cases,  after  we  have  shown 
clearly  enough  that  a  given  invention  is  of  real  promise,  we  receive  an 
appropriation  from  some  military  or  other  governmental  body  to  enable 
us  to  carry  the  development  still  farther.  In  other  cases  the  research 
is  taken  over  by  some  governmental  body.  Thus  the  work  of  the  Com- 
mittee on  Helmets  and  Body  Armor  was  taken  over  by  the  Ordnance 
Department  many  months  ago,  and  is  stiU  carried  on  by  that  organiza- 
tion and  the  Council  jointly,  its  chairman.  Dr.  Bashford  Dean,  being 
conmiissioned  as  a  major.  This  accords  with  our  general  aim  of  originat- 
ing and  stimulating  research.  We  shall  accomplish  more  in  the  end  if 
we  leave  to  others  the  completion  of  the  researches  which  we  have  led 
them  to  undertake.  Our  work  is  not  so  much  to  investigate  as  to 
cause  investigation,  cheerfully  forfeiting  the  credit  due  the  investigator 
proper.  So,  too,  a  device  may  be  materially  changed  after  it  leaves 
our  hands. 
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The  Constitation  of  the  Tin  Bronzes 

BT  SAMUEL  Ii.   HOTT,*   MINNEAPOLIS,    MINN. 
(Milwaukee  Meeting,  October,  1918) 

Thb  writer  has  long  been  interested  in  seeking  an  explanation  of  the 
upper  heat  effect  in  the  copper-tin  alloys  over  the  a  +  fi  range,  first 
described  in  1913.  These  notes  are  offered,  not  at  all  as  the  final  explana- 
tion of  this  heat  effect,  but  rather  to  indicate  <;ertain  progress  which 
has  been  made  toward  establishing  what  happens  over  this  temperature 
interval. 

While  working  on  the  thermal  analysis  of  the  copper-rich  kalchoids 
(copper-tin-zinc  alloys),  it  was  noted  that  those  alloys  containing  major 
portions  of  tin  and  minor  portions  of  zinc  exhibited  two  marked  heat 
effects,  one  at  about  520°  C.  and  the  other  at  about  600°  C,  instead  of  the 
single  effect  which  is  generally  observed  in  either  of  the  two  binary  series. 
This  matter  was  discussed  with  Dr.  Guertler,  who  suggested  that  a  heat 
effect  at  about  600°  C.  in  the  pure  copper-tin  alloys  might  be  expected. 
This  led  to  a  more  searching  examination  of  the  thermal  critical  points 
in  the  pure  copper-tin  alloys,  with  the  result  that  a  marked,  although 
somewhat  weak,  heat  effect  was  located  at  about  600°.  Somewhat  later, 
this  upper  heat  effect  was  discussed  with  Dr.  Burgess,  and  it  was  re- 
quested that  the  Bureau  of  Standards  make  heating  and  cooling  curves 
of  one  of  these  alloys  for  the  purpose  of  removing  any  possible  doubt 
as  to  the  actual  presence  of  the  heat  effect.  Results  obtained  by  the 
Bureau  are  given  in  Plate  I. 

In  an  earlier  paper^  differential  curves  were  pubUshed  showing  that 
the  heat  effect  occurred  at  constant  temperature  over  the  a  +  fi  range 
and  increased  in  magnitude  with  the  amount  of  jS  up  to  a  point  somewhat 
above  20  per  cent.  tin.  No  heat  effect  was  noticed  at  this  temperature 
in  the  eutectoid  alloy. 

The  existence  of  this  heat  effect  seems  to  require  a  modification  of  the 
present  copper-tin  diagram  in  the  a  +  p  field,  and  it  has  been  the  object 
of  the  work  here  presented  to  secure  the  evidence  upon  which  such  a 
change  should  be  based. 


*  School  of  Mines,  University  of  Minnesota. 

1 S.  L.  Hoyt:  On  the  Copper-rich  Kalchoids.    Jnl.  Inst.  Metals  (No.  2,  1913) 
10,235, 
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Inasmuch  as  this  upper  heat  effect  is  much  more  marked  in  the 
ternary  alloys^  and  is  probably  due  to  the  same  cause,  a  small  bar,  4 
in.  (10.16  cm.)  long,  of  an  alloy  75  Cu,- 15  Sn,  10  Zn,  was  heated  over 
its  entire  length  to  a  temperature  of  about  700**  C,  or  well  above  the 
upper  heat  effect.  The  bar  was  then  slowly  moved  along  to  the  cooler 
portions  of  the  furnace,  and  finally  partially  removed  from  the  furnace  so 
as  to  cause  the  temperature  of  one  end  to  fall  gradually  from  700^  C.  to 
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about  400°  C,  while  the  temperature  of  the  other  end  remained  about  as 
before.  The  bar  was  held  in  this  condition  for  8  hr.  and  then  suddenly 
quenched  in  cold  water.  One  side  was  ground  down,  polished,  and  etched 
with  ferric  chloride. 

As  was  expected,  the  complete  transition  from  the  high-  to  the  low- 
temperature  modifications  could  be  observed.  These  are  reproduced  in 
Fig.  1  to  6.  Fig.  1  shows  the  high-temperature  modifications,  which 
may  be  called  a  and  p.    At  a  position  corresponding  to  a  somewhat 
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Fia.  5,  Fia.  6,— Cool  end. 

Fio.  1-fl, — Allot  76  cu,  15  bn,  10  zu.     Etcbed  with  ferbic  chlobide.     X  8 
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lower  temperature,  a  well  defined  reaction  rim  is  formed  between  a  and  fi. 
At  a  still  lower  temperature  this  reaction  rim  has  grown  somewhat,  while 
smaller  crystals  of  the  new  phase  have  formed  at  the  central  parts  of  the 
original  j8  constituent.  While  this  new  phase  has  the  appearance  of  being 
a  reaction  rim,  it  must  be  conceded  that  proof  that  it  is  such  is  yet  lack- 


Fio.  7.— X  100.  Fio.  8.— X  800. 

Pia,  7-8. — A1J.0T  79  c^u,  21  bn.    Qubnchbd  from  abovk  upper  heat  kttxct. 

Etched  with  febeic  cbloride. 


Fio.  9. — Etched  with  ferric  Fig.  10. — E«;hhd  with  cjjrtao 

CHLORIDE.       X   100.  CHLORIDE.       X   SCO. 

Fia.  9-10. — Alloy  79  cd,  21  as.    Quenched  frou  bbtwebn  thb  uppkb  aud 

LOWER  CRITICAL  POINTS. 

ing.  At  a  position  still  further  toward  the  cold  end,  we  find  additional 
complication  in  the  succession  of  phases.  The  reaction  rim  has  en- 
croached still  further  upon  the  original  j3  constituent  but,  in  turn,  has 
given  way  to  a  fourth  phase  which,  Uke  the  third,  is  light  gray  in  color, 
the  a  being  yellow  and  the  fi  being  brown,  on  etching  with  ferric  chloride. 
The  four  phases  are  shown  very  clearly  in  Fig.  4. 
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In  Fig.  5,  which  shows  a  field  atill  further  toward  the  cold  end,  we 
find  the  beginning  of  the  fonnation  of  the  eutectoid  structure,  with  the  last 
traces  of  the  original  reaction  rim,  or  possibly,  in  exceptional  cases,  of 


Fio.   11. — Alloy    76    cv,    25   bn.  Fio.    12. — Allot    76    en,   25  bn. 

QnXNCHED      FROM     ABOVB    TBH      UPPEB  QOBNCItED    PROM    BBTWBBN     THB    Ve- 

CRiTtOAL  POINT.  Etched  with  Robbn-  peb  and  lowxb  cbitical  points, 
bain's  kbaobnt.     X  75.  Etched      with      cupbic     chlobidb. 

X  100. 

the  original  0.  Apparently,  at  this  point,  what  was  originally  the  reac- 
tion rim  changes  over  into  the  eutectoid.  At  a  point  slightly  nearer  the 
cold  end,  as  in  Fig.  6,  we  find  the  normal  structure  of  the  slowly  cooled 


Fio.     13.— Alloy    75    co.    26    an. 

Fio.    14.— Allot    75 

Etched      with      pebbic 

X800. 

WITH  CUPRIC  CHLOHIDB.      X  800. 

alloy,  except  that,  instead  of  there  being  three  generations  of  a,  there 
are  now  only  two,  presumably  the  first  and  the  second. 

It  would  do  little  or  no  good  to  attempt  to  analyze  the  structural 
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changes  from  the  point  of  view  of  the  phase  rule,  inasmuch  as  we  are 
quite  evidently  not  dealing  with  stable  equilibria.  As  an  explanation 
of  the  two  well  defined  heat  effects  exhibited  by  this  alloy,  these  photo- 
graphs also  offer  little  that  is  enlightening.  Thus  it  seems  apparent 
that  the  tin-rich  constituent  of  the  eutectoid  may  make  its  appearance 
prior  to  the  actual  formation  of  the  eutectoid,  which  certainly  is  not  in 
accordance  with  our  ideas  of  eutectoid  formation. 

Two  pure  copper-tin  allo3rs,  one  containing  a  considerable  proportion 
of  excess  a  and  the  other  only  a  slight  amoimt,  were  quenched  in  water 
from  above  the  upper  critical  point  and  from  between  the  upper  and 
lower  critical  points  respectively.  The  results  obtained  are  shown  in 
Fig.  7  to  13.  Fig.  7  and  8  show  the  customary  a  and  fi  phases.  Fig. 
9  and  10,  except  for  the  larger  amount  of  a,  show  the  same  structure, 
i.e.,  a  +  p.  Fig.  10  shows  the  effect  of  etching  with  cupric  chloride, 
which  reverses  the  action  of  ferric  chloride  and  attacks  the  a  instead  of 
the  p.  A  similar  structure  is  obtained  by  preliminary  heating  to  above 
the  upper  critical  point  prior  to  holding  the  temperature  constant  be- 
tween the  critical  points. 

In  the  course  of  this  work,  a  fair  idea  of  the  conditions  which  lead  to 
the  formation  of  the  second  and  third  generations  of  a  has  been  obtained. 
These  two  generations,  both  found  in  eutectoid  structures,  were  described 
in  the  paper  already  referred  to,  the  alloy  being  a  ternary  alloy  of  copper, 
tin  and  zinc.  The  same  occurrence  in  the  binary  copper-tin  alloys  is 
shown  in  Fig.  14. 

Discussion 

Paul  D.  Merica,*  Washington,  D.  C.  (written  discussion t). — 
Investigation  that  has  for  its  purpose  the  determination  of  the  con- 
stitution of  the  alloys  of  copper  with  tin  and  with  zinc  is  not  only  of 
much  scientific  interest,  but  will  serve  a  very  practical  purpose  as  well. 
The  constituents,  with  which  the  anomalous  heat  effects  discovered  by 
the  author  are  undoubtedly  associated,  are  to  be  found  in  commercial 
brasses  and  bronzes,  and  can  exert  a  profound  effect  upon  their  mechanical 
properties,  although  present  in  relatively  small  proportion. 

Thus  in  a  recent  article^  it  was  shown  that  a  sample  of  commercial 
naval  brass  rod,  which  normally  consists  of  a  and  /9  grains,  developed 
envelopes  of  the  so-called  d  constituents  around  the  fi  grains  upon  heating 
to  330°  to  430°  C.  The  effect  of  this  new  constituent  upon  the  tensile 
properties  of  the  rod  was  most  striking;  the  elongation  in  2  in.  was  re- 
duced from  about  35  per  cent,  to  from  21  to  26  per  cent, 

*  Metallurgist,  IT.  S.  Bureau  of  Standards, 
t  Received  Oct.  8,  1918. 

1  P.  D.  Merica  and  L.  W.  Schad :  Thermal  Expansion  of  Alpha  and  of  Beta  Brass. 
Jnl.  Am.  Inst.  Metals  (1917)  11,  396. 
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It  ifi  therefore  apparent  that  in  wrought  brasses  of  similar  com- 
position, containing  tin,  there  is  the  very  impleasant  possibility  of 
developing  this  t  constituent  by  annealing,  and  thus  spoiling  the  material. 
It  becomes,  thus,  a  matter  of  the  utmost  importance  to  determine  the 
temperature  limits  of  the  appearance  and  disappearance  of  this  con- 
stituent, and  indeed  to  clear  up  the  whole  vexing  question  of  its  identity 
and  relation  to  the  constitution  of  the  ternary  alloy  S3rstem. 

A  most  significant  feature  of  this  6  constituent  is  its  development, 
possibly  as  a  peritectoid  at  the  edge  of  the  fi  graind,  forming  a  brittle 
envelope  around  them.  It  is  undoubtedly  a  constituent  to  be  avoided  if 
possible,  although  I  have  tested  wrought  brass  containing  it  in  granular 
form,  which  was  of  most  excellent  mechanical  properties. 

I  should  like  to  ask  the  author  whether  he  is  aware  of  the  existence  of 
this  constituent  in  commercial  casting  bronzes,  such  as  the  well  known 
88-10-2  bronze,  and  of  its  effect  upon  the  mechanical  properties  of 
such  bronze. 

I  am  most  interested  in  this  line  of  work  and  shall  hope  that  the 
author  will  not  overlook  the  practical  application  of  it. 
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Bronze  Bearing  Metals 

G.  H.  Clamer,  *  Philadelphia,  Pa. — Unfortunately,  prior  to  the  war 
no  serious  attention  was  given  to  the  conservation  of  tin,  notwith- 
standing that  this  country  is  practically  dependent  upon  outside  sources 
for  its  entire  tin  supply. 

Tin  is  of  vital  importance  in  many  industries,  but  it  is  surprising  how 
many  and  how  excellent  are  its  substitutes  when  we  become  acquainted 
with  them.  Tin  has  always  been  a  relatively  high-priced  metal,  and  it 
is  part  of  the  human  attitude  to  associate  high  prices  with  high  standards; 
it  is  not  until  the  price  of  a  commodity  becomes  well-nigh  prohibitive 
that  we  hunt  for  substitutes,  because  the  idea  of  substitution  seems  al- 
ways to  involve  an  assumption  that  the  substitute  must  necessarily  be 
inferior. 

The  history  of  the  development  of  bearing  bronzes  is  a  striking  exam- 
ple of  this  poUcy.  In  the  early  days,  copper-tin  alloys  were  almost  uni- 
versally used,  the  idea  then  being  prevalent,  which  is  still  held  by  many, 
that  a  bearing  to  resist  wear  must  be  hard,  and  the  harder  the  better.  The 
favorite  bronze  bearing  contained  90  per  cent,  copper  and  10  per  cent,  tin; 
frequently,  in  service  which  was  considered  severe,  even  higher  propor- 
tions of  tin  were  used.  Such  hard  alloys  have  great  resistance  to  com- 
pression, but  as  a  rule  they  had  a  very  wide  factor  of  safety  in  this 
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respect.  Such  bearings,  because  of  their  inability  to  adjust  their  surfaces 
to  slight  irregularities  in  the  journal,  or  to  foreign  bodies,  immediately 
begin  to  cut,  and  heating  Results.  With  a  slight  rise  in  temperature, 
the  film  of  lubricant  becomes  thinner,  and  further  cutting  follows,  if 
not  actual  gripment  of  the  bearing  with  the  journal. 

Many  years  ago,  Dick,  of  England,  appreciating  the  advantage 
to  be  derived  from  a  slight  plasticity  in  a  bearing,  added  some  lead  to 
the  then  standard  bearing  metal,  not  substituting  lead  for  tin  but  re- 
ducing the  copper,  and  produced  the  alloy  which  has  long  held  favor 
as  a  bearing  metal,  i.e.,  copper,  80;  tin,  10;  lead,  10  per  cent.  Dick's 
alloy  also  contained  some  phosphorus,  but  the  main  point  is  that  this 
was  the  first  step  toward  the  production  of  bronze  alloys  having  a  plas- 
tic nature.  Lead  does  not  unite  to  form  an  alloy  with  copper,  but  re- 
mains mechanically  mixed,  so  that  the  structure  of  the  alloy  is  that  of  a 
hard  matrix  with  the  soft  metal  imbedded  therein. 

It  was  not  until  several  years  later  that  tests  were  conducted  on  the 
Pennsylvania  Railroad,  under  the  direction  of  Dr.  C.  B.  Dudley,  who 
investigated  the  copper-tin-lead  series  within  certain  limits  of  the  80- 
10-10  alloy;  he  studied  not  only  the  alloys  containing  lead  above  10  per 
cent,  in  which  copper  was  replaced  by  lead,  but  also  in  which  tin  was  re- 
placed by  lead.  His  conclusions,  which  have  since  become  firmly  es- 
tablished, are:  (1)  The  rate  of  wear  diminishes  with  increase  of  lead  in 
the  alloy.  (2)  The  rate  of  wear  diminishes  with  decrease  of  tin  in  the  al- 
loy. Fortunately,  the  alloy  containing  least  tin  and  highest  lead  exhibits 
least  tendency,  in  service,  to  give  trouble  from  heating. 

Notwithstanding  the  decided  merit  of  copper-tin  bearings  contain- 
ing lead,  prejudice  was  strongly  against  them,  simply  because  lead  is  a 
low-priced  metal.  It  was  even  intimated  that  such  alloys  were  frauds, 
should  be  considered  such,  and  dealt  with  accordingly. 

I  have  mentioned  pr.  Dudley's  discoveries  because  it  was  due  to 
his  findings  that  we  instigated  research  work,  now  20  years  ago,  which 
has  led  to  the  production  of  alloys  still  higher  in  lead  and  lower  in  tin 
than  those  which  he  was  able  to  produce.  He  experienced  foundry 
difiiculties  which  apparently  limited  his  maximuni-lead  alloy  to  77  cop- 
per, 8  tin,  and  15  lead.  This  was  called  Experiment  B  alloy,  and  has  since 
been  widely  known  as  "Ex.  B  metal." 

Having  due  regard  to  the  raw  materials  used,  and  by  following  good 
foundry  practice,  we  have  been  able  to  produce  alloys  carrying  5  per  cent. 
of  tin  and  as  much  as  30  per  cent,  of  lead  which  would  show  no  segrega- 
tion of  lead,  even  if  cast  into  large  bearings.  By  this  I  mean  that  such 
bearings  will  show  no  indication  of  metallic  lead  upon  any  surfaces. 
Lead  being  only  mechanically  held  in  the  alloy,  it  is  prevented  from  segre- 
gating only  by*  the  quick  setting  of  the  matrix  of  copper  and  tin.  As  a 
certain  interval  must  necessarily  occur  between  the  time  when  the  metal 
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enters  the  mold  and  the  time  when  it  solidifies,  the  lead  always  shows  some 
tendency,  owing  to  its  high  specific  gravity,  to  liquate  toward  the  bottom 
of  the  casting.  In  bearings  made  of  the  pr6per  raw  materials,  and  cor- 
rectly handled,  the  difference  in  the  proportion  of  lead  is  not  usually 
over  a  fraction  of  1  per  cent.,  or  at  most  2  or  3  per  cent.,  between  the  top 
and  the  bottom  of  a  casting,  even  if  this  be  a  fairly  large  one,  and  made 
of  the  30-per  cent,  lead  alloy. 

I  do  not  wish  to  repeat  here  data  which  I  have  given  in  previous 
papers^  but  I  do  wish  to  set  forth  the  position  which  the  high-lead  and 
low-tin  alloys  developed  by  us  have  attained.  When  these  alloys  were 
first  produced  they  were  backed  only  by  laboratory  tests  and  by  the 
predictions  of  Dr.  Dudley  that,  if  such  alloys  could  be  commercially  pro- 
duced, the  law  which  he  established  would  no  doubt  apply  also  to  alloys 
higher  in  lead  and  lower  in  tin  than  those  which  he  had  developed.  It  is 
now  possible  for  me  to  review  18  years'  experience  with  the  manufactitfe 
and  service  of  such  bearings.  I  must  confess  that  in  our  enthusiasm 
over  the  valuable  properties  of  these  alloys,  we  were  led  at  times  to  over- 
step the  mark  and  place  such  bearings  in  service  where  the  loads  or  the 
impacts  were  too  great. 

The  first  requisite  of  a  bearing  is  that  it  shall  be  sufficiently  hard  to 
support  its  load  or  to  resist  the  impacts  to  which  it  may  be  subjected,  and 
the  relation  of  tin  to  lead  must  be  controlled  by  this  requirement.  We 
have  sometimes  made  mistakes  in  recommending  the  copper  65,  tin 
5,  lead  30  alloy  for  certain  mill  bearings;  this  did  not  have  sufficient 
resistance  to  compression,  and  failed  for  that  reason.  When  the  copper 
73,  tin  7,  lead  20  alloy  was  substituted,  the  bearings  exhibited  no  deforma- 
tion and  performed  far  better  than  the  80-10-10  alloy  previously  used. 
We  have  also  noted  the  failure  of  the  73-7-20  alloy  on  rod  bearings 
of  very  heavy  locomotives.  Locomotive  rod  bearings  are  subjected 
to  severe  impacts  and  it  is  necessary  therefore  to  use  an  alloy  of  fairly 
high  compressive  strength.  .  Although  the  above  alloy  performs  satis- 
factorily on  light  locomotives,  on  the  rod  bearings  of  heavy  locomotives 
it  is  necessary  to  use  either  the  80-10-10  alloy  or  the  same  aUoy  to  which 
has  been  added  approximately  1  per  cent,  of  phosphorus.  The  size  of  these 
bearings,  and  hence  their  bearing  surface,  is  narrowly  limited  by  neces- 
sities of  construction;  otherwise  these  harder  alloys  would  not  be  essential 
for  this  purpose.  Phosphorus  greatly  increases  the  compressive  strength 
of  such  an  alloy,  and  is  for  this  reason  a  possible  factor  for  conserving 
tin.     At  the  present  prices  of  tin  and  phosphorus  there  is  little  choice; 

*  For  e&ample :  A  Study  of  Alloys  Suitable  for  Bearing  Purposes.  JrU.  Franklin 
Inst.  (July,  1903)  166,  49.  History  and  Development  of  the  Alloy  Practice  in  the 
United  States  as  Applied  to  Railway  Bearings.  Proc.  Amer.  Soc.  Testing  Materials 
(1907)  7,  302.  Effect  of  Changes  in  the  Composition  of  Alloys  Used  by  the  American 
Railways  for  Car-journal  Bearings.     Trans.  Am.  Inst.  Metals  (1915)  9,  241. 
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an  alloy  with  8  per  cent,  of  tin  and  1  per  cent,  of  phosphorus  will  have  com- 
pressive strength  approximately  equivalent  to  the  alloy  having  10  per 
cent.  tin.  Experience,  thus/  has  demonstrated  that  alloys  containing  as 
little  as  5  or  even  4  per  cent,  tin  and  as  high  as  30  per  cent,  lead,  can  be 
used  in  railroad  service  for  car  bearings.  They  have  become  the  stand- 
ard of  the  United  States  Railroad  Administration  for  car-journal  bear- 
ings called  for  under  their  Specifications  R-71,  Grade  A.  Such  an 
alloy  is  also  included  in  the  specifications  covering  locomotive  bearings 
designated  as  Specification  R-72,  Soft  Bronze. 

In  my  judgment,  the  specifications  of  the  Railroad  Administration 
covering  locomotive  bearing-metals  are  very  satisfactory,  except  that  the 
use  of  soft  bronze  should  be  extended  to  cover  driving  brasses,  and  engine 
and  trailer-truck  bearings.  Before  the  railroads  of  the  United  States 
came  under  Government  control,  copper  alloys  with  low-tin  and  high- 
le^  contents  had  become  the  standard  specifications  of  several  of  the 
large  car  companies,  and  were  very  extensively  used  on  the  largest  rail- 
road systems.  Outside  of  the  railroad  field  they  had  also  been  widely 
recognized  and  used.  The  advantage  of  using  the  smallest  possible 
amount  of  tin  consistent  with  the  load  requirements  is  now  so  well 
understood  that  there  is  but  little  opportunity  for  an  important  con- 
servation of  tin  in  this  field. 

Let  us  next  consider  the  possibilities  of  substituting  some  other 
metal  for  a  part  or  all  of  the  tin  in  a  copper-tin-lead  alloy,  or  of  sub- 
stituting alloys  of  an  entirely  different  type. 

The  first  metal  that  presents  itself  as  a  substitute  for  tin  is  antimony. 
Antimony  combines  readily  with  copper  and  with  lead,  and  has  the 
property  of  adding  hardness.  Unfortunately,  however,  the  hardening 
effect  of  antimony  is  obtained  with  the  sacrifice  of  ductiUty.  We  have 
found  it  possible  to  make  alloys  carrying  as  high  as  30  per  cent,  of  lead 
with  3  per  cent,  of  tin  and  2  per  cent,  of  antimony.  We  have  also  made 
alloys  of  65  copper,  30  lead,  2  tin,  and  3  antiinony,  and  have  also  replaced 
the  5  per  cent,  of  tin  in  this  alloy  entirely  with  antimony.  Car  bearings 
43^  by  8-in.  size,  made  from  the  same  pattern  on  molding  machines  and 
subjected  to  a  breaking  stress  appUed  longitudinally  at  the  middle  of  the 
back  of  the  bearing  and  throughout  its  entire  length,  broke  at  the  fol- 
lowing average  loads:  with  2  per  cent,  antimony  substitution,  60,000  lb.; 
with  3  per  cent,  substitution,  62,000  lb. ;  with  total  substitution,  52,000 
lb.;  as  compared  with  a  breaking  load  of  67,000  lb.  for  the  alloy  of  copper 
65,  tin  5,  lead  30.  The  castings  produced  with  each  of  the  three  above- 
mentioned  alloys  are  not  so  satisfactory  as  those  made  with  the  straight- 
tin  alloys,  being  more  or  less  rough,  and  showing  slight  globules  of 
lead  on  the  surface.  It  has  been  found  that  a  certain  amount  of  nickel 
can  be  used  for  replacing  tin  with  very  satisfactory  results.  The  castings 
produced  when  zinc  is  substituted  for  a  certain  amount  of  tin  are  decidedly 
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unsatisfactory.  The  substitution  of  aluminum  for  tin  is  entirely  im- 
practical, and  such  castings  are  worthless.  This  does  not,  however, 
exhaust  all  the  possibihties  of  substituting  other  metals  for  tin  in  the 
copper-tin-lead  alloys,  but  it  is  my  opinion  that  the  substitution  of  any 
other  metals,"  in  those  alloys,  can  be  made  only  by  sacrificing  the  quality 
of  the  alloy. 

The  possibiUty  of  substituting  alloys  of  an  entirely  different  type 
presents  an  attractive  field  for  research.  The  copper-tin-lead  alloy 
has  attained  its  position  as  the  most  desirable  bronze  bearing  alloy, 
but  this  does  not  mean  that  some  other  alloy  may  not  be  found  which 
may  give  equally  good  or  better  results.  In  the  search  for  such  a  sub- 
stitute alloy  it  should  be  borne  in  mind  that  a  bearing  metal  should  possess 
the  following  properties: 

(1)  It  should  be  sufficiently  rigid  to  support  the  load  or  resist  the 
impact,  but  yet  not  so  brittle  that  it  will  easily  crack. 

(2)  It  shoidd  have  as  great  a  yielding  or  plastic  nature  as  is  consistent 
with  its  ability  to  support  the  load  or  resist  the  impact  without  deformation 
of  the  bearing  as  a  whole. 

(3)  The  ideal  structure  combines  a  hard  matrix  to  support  the  load 
and  a  softer  metal  or  alloy  contained  within  such  matrix,  to  permit 
the  bearing  surface  to  adjust  itself  to  irregularities  of  service. 

(4)  It  should  be  easy  to  handle  in  the  foundry  and  machine  shop. 

(5)  It  should  be  capable  of  being  remelted  without  deterioration. 

(6)  For  use  in  babbitt-Uned  bearings,  it  should  be  capable  of  being 
tinned,  so  that  the  babbitt  can  be  appUed  thereto. 

(7)  It  should  have  good  heat  conductivity  in  order  to  dissipate  the 
heat  generated  by  friction. 

Pennsylvania  Railroad  Anti-friction  and  Bell  Metals 

F.  M.  Waring,*  Altoona,  Pa. — The  necessity  for  conserving  tin  has 
recently  been  very  forcibly  brought  to  the  attention  of  all  consumers, 
and  efforts  are  now  being  made  to  reduce  the  tin  content  in  certain  alloys 
or  to  substitute  other  alloys  not  containing  tin. 

The  approximate  composition  of  the  non-ferrous  alloys  in  general  use 
on  the  Pennsylvania  Railroad  are  given  in  the  accompanying  table. 

Phosphor  bronze  is  used  principally  for  rod  bushings,  main-rod 
brasses,  and  crosshead  shoes. 

Ex.  B  bronze  is  used  to  a  small  extent  for  backs  of  car  and  coach 
bearings,  but  the  majority  of  these  are  now  made  of  the  car-journal 
bronze,  which  contains,  on  the  average,  about  5  per  cent.  tin. 


•  Engineer  of  Tests,  The  Pennsylvania  Raiboad  Co. 
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Composition  of  Non-ferrous  Alloys  Used  by  Pennsylvania  Railroad 


Copper 


Tin 


Lead 


Fhoe. 


Antimony  !  Zine 


Phosphor  bronze,  Spec.  32-C 

Ex.  B  bronze,  Spec.  141 

Car-journal  bronze  (a) 

Special  high-lead  bronze,  Spec.  59. 

Lining  metal,  Spec.  57 

Dandelion  metal 

Bell  metal 

Babbitt,  tin-base 

Babbitt  for  motor  bearings 


79.70 
76.76 

(6) 
70.00 


3.70 
1.00 


10.00 
8.00 

(c) 
5.00 

10.00 
16% 
88.90 
50.00 


9.50 
15.00 
(d)  (e) 
25.00 
87.00 
72.00 


38.50 


0.80 
0.25 


13.00 
18.00 

7.40 
10.50 


(/) 


(a)  Sum  of  Ou,  Pb,  Sn,  and  Zn,  not  less  than  99.  (h)  Not  less  than  71. 
(c)  Not  less  than  4.  (d)  Not  less  than  13.  (e)  Not  more  than  20.  (/)  Not  more 
than  3. 


Car-jonmal  bronze  is  used  for  making  car  and  coach  bearing  backs 
at  the  Altoona  brass  foundry,  by  melting  down  old  backs  after  removing 
the  linings  and  making  the  necessary  addition  of  new  metal  to  bring  the 
composition  within  -the  limits  given  in  the  table.  No  new  tin  is  added  in 
making  this  alloy. 

Special  high-lead  bronze  is  used  principaUy  for  locomotive  driving- 
box  shells,  which  are  not  Hned. 

The  lead-base  Uning  for  car-journal  bearings  was  formerly  made  up 
in  oiir  f oimdry  from  lining  metal  melted  off  from  old  bearings  and  brought 
up  to  specification  requirements  by  the  addition  of  such  new  metal  as 
might  be  necessary.  Some  tin  was  imavoidably  introduced  from  the  old 
bearings,  but  the  amount  allowed  in  the  metal  was  limited  to  2  per  cent. 
Lately  we  have  been  using  this  old  lining  metal  in  the  preparation  of 
the  lead-base  dandelion  metal  babbitt,  thus  making  use  of  the  contained 
tin  in  order  to  reduce  the  amount  of  new  tin  which  it  was  necessary  to 
add  to  this  metal.  The  journal-lining  metal  is  then  made  from  lead  and 
antimony  without  the  addition  of  any  tin. 

Lead-base  dandeUon  metal  babbitt,  containing  about  10  per  cent. 
tin,  is  used  for  hning  crosshead  shoes  and  also  for  lining  engine-truck 
and  trailer  bearings,  as  well  as  for  hub  liners,  in  place  of  phosphor  bronze, 
on  freight  locomotives.  This  metal  has  replaced  a  large  amount  of  tin 
and  tin-base  babbitt  formerly  used. 

Bell  metal  is  used  exclusively  for  making  locomotive  bells,  and  during 
1917  about  42,800  lb.  of  castings  were  made,  involving  the  use  of  a  little 
over  7000  lb.  of  tin. 
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Tin-base  babbitt  metal  (88.9  tin,  3.7  copper,  7.4  antimony)  is  used 
for  a  number  of  miscellaneous  purposes  in  the  shops,  but  its  use  has  been 
greatly  restricted  and  every  effort  is  being  made  to  do  away  with  it  where 
possible,  and  to  substitute  a  lead-base  babbitt  or  a  babbitt  with  50  per 
cent.  tin. 

The  amount  of  solder  having  the  composition  50  lead,  50  tin,  used 
by  the  Pennsylvania  Lines  East,  during  1917,  was  approximately  100,000 
lb.,  but  there  is  reason  to  believe  that  a  large  portion  of  this  can  be  re- 
placed by  a  60-lead,  40-tin  solder  with  satisfactory  results,  and  instruc- 
tions have  been  issued  to  this  effect. 

In  regard  to  the  quantity  of  new  tin  used,  it  is  not  possible  to  give  the 
amount,  except  approximately  and  from  calculations  based  on  the  1917 
consumption  of  bearing  metals  by  the  Pennsylvania  Lines  East  only,  it  is 
estimated  that,  about  770,000  lb.  of  new  tin  were  required  in  a  total  of 
about  21,380,000  lb.  of  all  kinds  of  bearing  metals  tiirned  out  by  the 
foimdry  or  purchased  in  the  market. 

No  change  has  been  made  in  the  specifications  for  bearing  metals 
for  some  years,  as  the  metals  used  have  been  satisfactory.  A  large  pro- 
portion of  the  bearing  metals  are  made  up  from  old  material  re-melted 
and  brought  to  standard  composition  by  some  addition  of  new  metal,  and 
every  effort  is  being  made  to  utilize  old  material  to  the  best  advantage 
and  reduce  the  amount  of  new  metal  of  all  kinds  purchased.  For  a 
number  of  years  no  tin  has  been  used  in  the  lining  metal  of  either  pas- 
senger or  freight  car  journal-bearings,  except  such  small  amounts  as  come 
in  from  re-melting  old  Unings.  No  change  has  been  made  in  phosphor 
bronze  used  for  rod  bushings,  as  we  should  expect  some  trouble  from  bush- 
ings pounding  out  of  shape  if  a  phosphor  bronze  were  used  which  con- 
tained less  tin  or  more  lead  than  the  present  specifications  call  for.  In 
this,  as  well  as  in  the  case  of  all  other  bearing  metals,  we  expect  to  use 
our  utmost  endeavors  to  economize  and  to  substitute  for  tin  wherever 
possible. 

The  Tin-plate  Industry 

D.  M.  Buck,*  Pittsbiu^g,  Pa. — During  the  first  5  months  of  1918, 
approximately  11,000,000  lb.  per  month  of  pig  tin  were  consumed  in  the 
United  States.  Solder,  bearing  metals,  bronzes,  etc.  used  about  5,500,000 ' 
lb.;  collapsible Jiubes  a  little  more  than  250,000  lb.;  tin-foil  about  500,000 
lb. ;  and  the  tin-  and  terne-plate  industry  somewhat  less  than  5,000,000 
lb.  In  an  effort  to  reduce  this  consumption  and  thus  conserve  our  tin 
supplies,  several  methods  of  procedure  suggest  themselves: 

1.  Salvage.    The  most  careful  and  systematic  collection  and  re-use 


*  Metallurgical  Engineer,  American  Sheet  and  Tin  Plate  Co. 
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of  tin  and  tin-bearing  materials  is  economically  important,  in  that  we  thuB 
secure  the  maximum  benefits  from  our  available  supplies. 

2.  Substitution  of  other  materials  for  tin.  While  tin,  on  account 
of  its  low  melting  point,  softness*  malleability,  non-toxicity,  etc.,  is  pe- 
culiarly adapted  for  many  uses,  nevertheless  it  may  seem  desirable,  during 
times  of  temporary  stringency  at  least,  to  substitute  for  tin  and  for  tin- 
bearing  materials  some  other  substances  which  may  answer  our  purposes, 
though  perhaps  not  possessing  all  of  the  desirable  qualities  of  tin.  It 
is  conceivable  that  research  in  this  connection  may  develop  entirely  satis- 
factory substitutes  which  may  permanently  replace  tin  for  certain 
purposes. 

3.  Curtailment,  for  the  time  being,  of  certain  lines  of  manufacture, 
not  absolutely  essential  to  the  prosecution  of  the  war. 

Efforts  along  all  of  the  above-mentioned  lines  are  being  made  in  prac- 
tically all  tin-consuming  industries,  and  much  progress  has  been  made. 
In  considering  the  details  of  tin  conservation,  it  is  my  intention  to  con- 
fine myself  to  a  brief  discussion  of  this  subject  as  related  to  the  tin- 
and  terne-plate  industry. 

Terne-plateis  a  mild-steel  sheet  coated  with  an  alloy  of  tin  and  lead 
(approximately  25  per  cent,  tin  and  75  per  cent.  lead).  Its  chief  uses, 
in  normal  times,  are  for  roofing,  gasoUne  and  oil  tanks,  and  for  stamp- 
ing into  various  forms.  Manufacturers  of  this  material  have  almost 
entirely  discontinued  its  manufacture,  except  to  supply  the  urgent  needs 
of  the  Government  for  war  purposes. 

It  has  been  customary  to  use  a  small  amount  of  tin  with  the  spelter 
in  the  galvanizing  pots  in  the  manufacture  of  galvanized  sheets.  It 
has  been  found  that,  by  a  sacrifice  of  no  other  quality  than  appearance, 
this  tin  could  be  omitted,  and  the  practice  has  been  largely  discontinued 
— entirely  so  in  the  concern  with  which  the  writer  is  connected. 

Tin-plate  consists  of  thinly  rolled  mild-steel  sheets  coated  with  pure 
tin,  and  its  chief  use  is  in  the  canned-food  industry.  The  Government 
has  requested  that  the  manufacturers  of  this  product  give  absolute 
priority  to  orders  covering  material  to  be  used  for  the  manufacture  of 
plate  for  cans  to  contain  perishable  foods.  The  manufacturer  has,  of 
course,  complied  with  this  request  and  the  conditions  of  the  markets 
have  been  such  that  almost  the  entire  capacity  of  the  coimtry  has  been 
utilized  for  such  material,  and  for  other  direct  and  indirect  Government 
needs. 

Several  grades  of  tin-plate  are  regularly  manufactured,  differing 
only  in  thickness  of  the  tin  coating.  While,  for  some  few  uses,  the  heavier 
coated  sheets  are  desirable  and  necessary,  it  is  a  fact  that  the  most  lightly 
coated  sheets  are  entirely  suitable  for  a  very  large  percentage  of  these 
requirements.  It  is  in  this  connection  that  the  consumer  can  materially 
aid  in  the  saving  of  tin  during  the  present  stringency,  and  also  prevent 
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a  serious  economic  waste  in  normal  times,  by  not  specifying  a  heavier 
coated  plate  than  his  requirements  justify. 

For  years  it  was  beUeved  by  certain  canners,  manufacturers,  and 
dealers  in  canned  goods,  that  a  heavy  tin  coating  was  necessary  on  food 
containers.  This  opinion  was  endorsed  by  food  officials  and  chemists,  and 
attempts  have  been  made  in  Congress  to  regulate  the  weight  of  tin  coat- 
ing. Since  the  Uterature  on  the  subject  gave  no  definite  information,  a 
committee  was  formed  several  years  ago,  consisting  of  representatives  of 
the  American  Sheet  and  Tin  Plate  Co.,  American  Can  Co.,  and  the  Na- 
tional Canners'  Association.  Two  representatives  of  the  Bureau  ef 
Chemistry,  Department  of  Agriculture,  also  participated  in  the  work. 
This  committee  prepared  seven  lots  of  tin  plate  with  the  following  aver- 
age coatingSt  expressed  in  pounds  of  tin  per  base  box  (112  sheets, 
14  by  20  in.). 

Pound  Pound 

A 0.9     E 1.8 

B ! 1.1     F 2.1 

C 1.3    G • 3.0 

D 1.5 

Cans  were  made  from  these  plates  in  the  usual  way,  and  various  food 
products  were  packed  under  the  supervision  of  the  committee,  in  regu- 
lar canning  plants.  Approximately  60,000  cans,  in  all,  were  packed  with 
the  following  foods: 

Apples  (3  packs)  Milk  (evaporated) 

String  beans  Peas 

Cider  Pumpkin  (3  packs) 

Clam  juice  Tomatoes  (3  packs) 

Com  (3  packs)  Tuna 

Milk  (condensed)  Salmon 

The  cans  and  contents  were  inspected  and  analyzed  from  time  to  time, 
throughout  a  period  of  about  18  months  after  fiUing  the  cans.  In  this 
work  more  than  40,(X)0  samples  were  analyzed  chemically.  I  quote 
from  the  general  conclusions  of  this  committee  as  embodied  in  their 
report:^ 

The  most  significant  fact  established  by  this  entire  investigation  is  that,  aside  from 
the  external  appearance  of  the  cans,  none  of  the  difficulties  encountered  in  the  twenty 
experimental  packs  of  twelve  representative  foods  in  plain  cans  was  taken  care  of  or 
eliminated  by  heavy  tin  coatings.  The  luster  and  the  resistance  to  rusting  increase 
somewhat  with  increased  weights  of  coating.  In  other  respects,  with  the  exception  of 
some  instances  in  the  classes  of  foods  that  have  a  tendency  to  perforate,  the  conclu- 
sion from  this  work  is  that  the  value  of  different  weights  of  tin  coating  on  food  con- 
tainers is  for  all  practical  purposes  the  same  with  average  weights  of  from  one  to  three 
IK>unds  of  tin  per  base  box. 

*  "Relative  Value  of  Different  Weights  of  Tin  Coatings  on  Canned  Food  Con- 
tainers." Report  of  an  investigation  by  a  technical  committee  representing  the 
National  Canners  Association,  the  American  Sheet  and  Tin  Plate  Co.,  and  ther  Ameri- 
can Can  Co.     Published  by  National  Canners  Association,  Washington,  D.  C,  1917. 
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I  bring  this  investigation  to  your  attention  to  emphasize  the  need- 
less waste  attendent  upon  the  use  of  tin  plate  with  an  unnecessarily 
heavy  tin  coating.  With  our  present  knowledge,  we  are  unable  commer- 
cially to  produce  coatings  as  light  as  the  lower  weights  used  in  this  test. 
If,  however,  future  research  should  develop  means  to  this  end,  the  result- 
ant product  would  meet  all  practical  requirements,  and  a  very  consider- 
able saving  in  pig  tin  would  result. 

DISCUSSION 

G.  H.  Clamer. — ^The  National  Canners'  Association  is  studying  the 
action  of  fruit  juices,  etc.,  on  solders.  Of  course  these  tests  will  take 
quite  a  long  time,  and  we  hope  by  that  time  the  war  will  be  over  and 
there  will  be  no  need  for  conserving  tin  for  war  pxu'poses.  Germany  for 
a  great  many  years  has  prohibited  the  use  of  more  than  37  per  cent,  of 
lead  in  alloys  used  in  contact  with  food  products.  The  eutectic  com- 
position is  37  per  cent,  of 'lead  and  63  per  cent,  of  tin;  alloys  containing 
more  than  that  percentage  of  lead  have  some  free  lead. 

J.  W.  Richards,*  South  Bethlehem,  Pa. — ^A  great  deal  of  con- 
servation can  result  from  the  packing  of  dry  foods  in  cartons  and  in 
fiber  packages  instead  of  using  sheet  tin.  Many  of  the  boxes  used  for 
packing  things  other  than  food  are  frequently  made  of  sheet  tin  because 
it  prints  and  Uthographs  well;  these  could  be  made  of  sheet  iron  coated 
with  copper  or  some  other  substitute  metal  which  prints  equally  well. 

The  Aluminum  Bronze  Industry 

W.  M.  CoRSE,t  Mansfield,  Ohio. — The  conservation  of  tin,  in  view 
of  the  shipping  situation,  is  one  of  great  importance.  Several  methods 
of  conservation  can  be  employed : 

1.  Reduction  of  the  amount  of  tin  in  an  alloy  or  compound. 

2.  Substitution  of  an  entirely  different  metal  or  compoimd  for  tin. 

3.  A  combination  of  the  first  and  second  methods. 
The  second  method  is  the  one  that  I  wish  to  discuss. 

Metallic  aluminum  has  been  known  for  a  long  time,  and  its  use  in 
copper  alloys  was  discovered  about  1855  by  Lord  Percy.  The  high 
cost  of  production  of  metallic  aluminum  retarded  its  conunercial  devel- 
opment, and  it  was  not  until  the  discovery  of  the  electrochemical 
processes  for  its  production  that  it  came  ]to  be  known  as  a  common 
metal. 

I  have  been  particularly  interested,  for  the  past  few  years,  in  working 
with  the  alloy  known  as  aluminum  bronze,  which  is  usually  composed  of 
approximately  90  parts  of  copper  and  10  parts  of  aluminum,  by  weight. 


•Professor  of  Metallurgy,  Lehigh  University, 
t  Manufacturing  Engineer,  Ohio  Brass  Co. 
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This  alloy  has  many  properties  similar  to  the  copper-tin  bronzes,  and  it 
has  been  of  interest  to  find  just  where  the  copper-almninum  bronzes 
could  be  substituted  for  the  eopper-tin  bronzes,  and  in  that  way  conserve 
the  use  of  metallic  tin. 

Coppet^«luminuin  bronzes  have  practically  double  the  tensile  strength 
of  tin  bronzes,  so  that  a  smaller  cross-section  frequently  can  be  adopted, 
with  the  same  mechanical  result.  Their  resistance  to  shock  is  superior 
to  that  of  the  copper-tin  bronzes,  and  their  resistance  to  wear  is,  in 
some  cases  superior,  and  in  some  cases  practically  equal.    Consequently, 


fooo 

v^ 

\ 

\ 

xtlrquic 

\ 

i 

Y 

'\ 

'1 

Vl 

^^ 

/-*" 

(5 

a 

\ 

\l 

r 

liquid 

/ 

a 

.8 

i 

S 

UjSn  +  f 

Peroentaga  of  Copper 
FlO.   1. — ThgRUAL  EQtrlLIBRIUll  OR  COOLINO  DIAORAU  C 

for  many  mechanical  uses,  where  a  hard  bronze  is  desired  to  replace  one 
containing  10  to  11  per  cent,  of  tin,  for  example,  an  aluminum  bronze 
of  about  the  composition  mentioned  will  be  found  worth  investigation. 
Undoubtedly  no  two  alloys  possess  exactly  the  same  properties,  and  when 
a  substitution  of  one  for  the  other  is  desirable,  it  is  necessary  to  work  out 
special  methods  of  handling  the  substitute  in  order  to  get  practically 
the  same  results. 

As  is  frequently  the  case  in  such  work,  special  properties  are  found 
to  be  superior  to  those  of  the  metal  originally  used,  and  other  properties 
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are  discovered  to  be  not  so  good.  As  a  particular  instance  of  the  sub- 
stitution of  aluminum  bronze  for  phosphor  bronze,  I  would  cite  its  use 
in  worm  gearing.  The  following  tables  and  curves  taken  from  my 
paper'  on  this  subject  before  the  Society  of  Automotive  Engineers  will 
give  an  idea  of  the  different  properties. 

Table  1. — Physical  Properties  of  Phosphor  Bronze 

(Composed  of  88.7  parts  of  copper,  11  parts  of  tin,  and  0.3  parts  of  phosphorus) 

Ultimate  tensile  strength,  lb.  per  sq.  in 35,000-40,000 

Yield  point,  lb.  per  sq.  in 22,000-25,000 

Elongation  in  2  in.,  per  cent 6-10 

Reduction  of  area,  per  cent 7-9 

Specific  gravity  at  20**  C 8.5 

Brinell  hardness  number  (500  kg.  load  for  30  sec.) 75-85 

Pattern  maker's  allowance  for  shrinkage,  in.  per  ft 0. 125 

Weight  per  cu.  in.,  lb 0.31 

Compression,  elastic  limit,  lb-  per  sq.  in 16,000 

Coefficient  of  friction 0.0040 

Modulus  of  elasticity 12,000,000  to  14,000,000 

Resistance  to  impact,  Fremont  notched-bar  test  (fractured 

section  7  by  10  mm.),  kg.-meters. .% 2to4 

Endurance  of  alternating  impact,  Landgraf -Turner  or  Arnold 

test,  alternations , 150  to  300 

Resistance  to  shear  by  impact,  McAdam  machine,  ft.-lb 300  to  450 

Aluminum  bronze  containing  10  per  cent,  aluminum  and  1  per 
cent,  of  iron  has  the  physical  properties  shown  in  Table  2. 

Table  2. — Physical  Properties  of  Aluminum  Bronze 

(Containing  10  per  cent,  of  aluminum,  and  1  per  cent,  of  iron.) 

Ultimate  tensile  strength,   lb.   per  sq.   in 65,000-80,000 

Yield  point,   lb.  per  sq.  m 23,000-28,000 

Elongation  in  2  in.,  per  cent 20-30 

Reduction  of  area,  per  cent 21-29 

Specific  gravity  at  20°  C 7.5 

Brinell  hardness  number  (500  kg.  load  for  30  sec.) 92-100 

Pattern  maker's  allowance  for  shrinkage,  in.  per  ft 0.22 

Weight  per  cu.  in.,  lb 0.27 

Compression,  elastic  limit,  lb.  per  sq.  in 19,000 

Coefficient  of  friction 0. 0025 

Modulus  of  elasticity 15,000,000-18,000,000 

Resistance  to  impact,  Fremont  notched-bar  test  (fractured 

section  7  by  10  mm.)  kg.-meters 7  to  10 

Endurance  of  alternating  impact,  Landgraf -Turner  or  Arnold 

test,  alternations 3,500  to  5,500 

Resistance  to  shear  by  impact,  McAdam  machine,  ft.-lb 750  to  850 

•  W.  M.  Corse:  Worm  Gear  Bronzes.    Journal,  Society  of  Automotive  Engineers, 
April,  1918. 
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It  is  of  interest  to  note  that  alununiHn  bronze  would  undoubtedly 
h&ve  been  substituted  for  phosphor  bronze  before  this  had  the  manufac- 
turing difficulties  with  the  former  been  surmpunted.  Aluminiun  bronze, 
when  cast  in  the  foundry,  presents  about  as  difficult  a  problem  as  I 
have  ever  seen.  It  is  very  sensitive  to  gas  absorption  and  must  be 
handled  extremely  carefully  to  insure  good  casting.  It  is  similar,  from 
a  foundryman's  standpoint,  to  manganese  bronze,  in  that  it  requires 
large  risers  and  careful  pouring  to  insure  clean  castings.  Several  years' 
work  on  this  alloy  has  demonstrated  conclusively  that  it  is  perfectly 
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possible  to  make  as  large  a  percentage  of  good  castings  from  it  as  from 
any  other  non-ferrous  alloy.  It  seems  to  me,  therefore,  that  its  use 
should  be  increased,  particularly  in  view  of  the  shortage  of  tin  at  the  pres- 
ent time,  and  undoubtedly  new  fields  will  be  opened  up  as  its  various 
properties  are  better  known. 

One  feature  that  stands  out  prominently,  which  was  mentioned  by 
the  eminent  English  investigators  of  this  type  of  alloys,  and  published 
by  them  in  the  8th  and  9th  reports  of  the  Alloys  Research  Committee  of 
the  Institution  of  Mechanical  Engineers  of  Great  Britain,  is  the  fact  that 
cast  aluminum  bronze  possesses  properties  equal  to  those  of  rolled  alu- 
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minum  bronze.  Nearly  all  copper-base  alloys  are  improved  by  rolling 
processes,  but  the  copper-aluminum  alloys  seem  to  possess  equally  good 
properties  when  cast  or  rolJied;  this  is  a  remarkable  metallurgical  fact. 
Another  important  property  of  these  copper-aluminum  alloys  is  their 
resistance  to  alternating  stress.  Many  tests  indicate  that  their  resistance 
is  greater  in  this  respect  than  that  of  some  steels,  an'd  I  have  seen  instances 
when  cast  aluminum-bronze  bolts  have  outlived  five  steel  bolts  in  founda- 
tion work  subject  to  severe  shocks.  I  mention  these  various  instances 
to  indicate  that  work  originally  started  as  research  for  substitution  of 
one  material  for  another  frequently  develops  an  article  which  has  proper- 
ties not  possessed  by  the  original  metal  or  alloy. 

I  have  dwelt  particularly  on  the  aluminum  bronzes  because  recently 
I  have  done  more  special  work  on  them  than  on  other  alloys,  but  I  be- 
lieve that  the  use  of  aluminum  itself,  in  many  combinations  of  metals, 
is  a  very  important  subject  for  investigation.  Undoubtedly,  after  the 
war,  the  cost  of  aluminum  will  be  reduced  from  its  present  price,  and  con- 
sidering its  low  specific  gravity  it  offers  a  very  interesting  and  important 
field  for  research  in  the  non-ferrous  business.  Naturally,  if  combinations 
containing  aluminum  can  be  developed  in  view  of  a  probably  increasing 
supply  of  metal,  the  cost  will  be  reduced.  This  will  benefit  the  indus- 
try generally  and  will  immediately  conserve  tin. 

Bronzes,  Bearing  Metals,  and  Solders 

G.  K.  Burgess*  and  R.  W.  Woodvard,!  Washington,  D.  C— 
From  a  metallurgical  standpoint,  there  are  several  wayB  in  which  a 
reduction  of  the  tin  consumed  in  commercial  non-ferrous  and  white- 
metal  alloys  can  be  effected.  Fit st,  a  reduction  of  the  tin  content  of  the 
alloy;  second,  substitution  of  part  or  all  of  the  tin  content  by  some  other 
metal;  third,  a  substitution  of  a  different  type  of  alloy,  which  in  some 
cases  also  involves  a  change  in  mechanical  design.  The  Bureau  of 
Standards  h^s  been  studying  these  methods  of  conservation  for  tin 
alloys,  particularly  in  regard  to  babbitts  and  bearing  metals,  bronzes, 
and  solders.  Much  of  the  information  secured  by  the  Bureau  was 
obtained  from  answers  to  questionnaires  sent  to  manufacturers  and 
users  of  these  materials,  so  that,  in  general,  any  of  the  following  sug- 
gestions or  recommendations  can  be  considered  as  being  practical  and 
as  having  already  been  thoroughly  tried. 

Bearing  Metals 

There  is  no  question  that  the  tin  content  of  nearly  all  bearing  metals 
can  be  reduced  to  some  extent,  and  in  some  cases  actually  eliminated 

•  Chief,  Division  of  Metallurgy,  U.  S.  Bureau  of  Standards, 
t  Assistant  Physicist,  U.  S.  Bureau  of  Standards. 
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without  prejudice  to  the  service  rendered.  The  problem  thus  is  to 
determine  what,  needs  are  the  most  exacting,  or  when  a  breakdown 
would  cause  the  greatest  damage,  and  confine  the  use  of  high-tin  babbitts 
to  these  uses.  Thus  the  main  bearings  of  airplane  and  miUtary  auto- 
mobile engines,  turbine  shafts,  etc.,  will  probably  have  to  continue  to 
use  high-tin  babbitt,  containing  84  to  91  per  cent.  tin.  A  babbitt  metal 
such  as  S.  A.  E.  specification  No.  24,  containing  84  tin,  9  antimony  and 
7  copper,  appears  to  be  as  satisfactory  in  service  as  the  genuine  babbitt, 
89  tin,  7.5  antimony,  3.5  copper,  or  that  specified  by  the  International 
Aircraft  Standards  Board,  91  tin,  4.5  antimony,  4.5  copper.  But  it 
should  be  pointed  out  that  the  latter  two  compositions  are  more  fluid 
in  the  molten  condition  than  the  first  named;  consequently  the  Uning 
can  be  made  in  a  thinner  shell  with  these  babbitts,  and  the  total  amount 
of  tin  consmned  may  therefore  be  less  than  if  the  S.  A.  E.  No.  24  were 
used.  However,  if  the  design  of  the  bearing  is  not  altered  to  admit  of 
the  thinner  shell,  the  lower-composition  babbitt  should  be  used  in  general. 
The  following  compositions  (Table  1)  are  also  recommended  for 
use  where  a  high  grade  of  lining  is  required  and  where  a  genuine  babbitt 
is  now  often  used: 

Table  1 


No.  1 


No.  2 


No.  3 


No.  4 


No.  6 


No.  6 


Tin 

Antiinoiiy. 
Cppper — 

Zinc 

Aluminum . 
Lead 


65 

•   ■ 

dto6 
28  to  30 


62 

8    • 

5 

10.0 

•   • 

8 

7 

12.5 

4 

4 

2 

0.5 

33 
1 

•  • 

•     a 

,      76 

•  •  •  • 

•     • 

80 

•  • 

10 

•   •  •  • 

77.0 

21.3 

•   ■  •   • 

3.0 
63.3 

■   •  •  ■ 

12.0 


No.  3  and  4  have  been  found  to  do  the  service  required  of  tin-base 
linings  in  machine-tool  bearings;  No.  5  can  be  used  on  similar  bearings 
where  a  greater  strain  is  met.  No.  6  is  in  use  in  Grermany  aS  a  ''best" 
babbitt  to  conserve  both  tin  and  copper. 

For  linings  on  railroad-truck  journals  two  compositions  are  in  general 
use,  one  composed  of  85  lead,  10  antimony,  5  tin,  and  the  other  of  87 
lead,  13  antimony.  The  latter  is  restricted  by  some  roads  to  freight 
fiervice  while  the  former  is  used  on  passenger  equipment.  Many  roads, 
however,  use  the  87  lead,  13  antimony,  on  both  classes  of  service  and  it 
seems  that  its  use  might  be  made  more  universal. 

Another  type  of  lining  metal  which  deserves  serious  consideration 
is  one  composed  almost  entirely  of  lead,  with  small  additions  of  alkali  or 
alkali-earth  metal.  Certain  of  these  have  been  given  service  tests  at 
the  Bureau  of  Standards  and  in  many  respects  were  found  equal  to  or 
superior  to  genuine  babbitt.     Table  2  is  a  siunmary  of  the  tests  on  such  a 
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metal,  and  corresponding  tests  on  genuine  babbitt  of  composition  89 
tin,  7.5  antimony,  3.5  copper: 

Table  2 


Load 

T   1_ 

Total 

Final  Temp. 

Rise  in  Temp. 

Fric- 

l088 

• 

Lb. 

R.p.m. 

Revolu- 
tions 

•c. 

tion, 
Lb. 

in 
Weight, 
Gram 

per 
Sq.  In. 

•c. 

•F. 

op 

Genuine  Babbitt 

\ 

100 

694 

12,230 

89 

192 

53 

95 

22 

0.023 

200 

706 

16,510 

102 

216 

58 

104 

29 

0.021 

300 

682 

15,150 

125 

257 

100 

180 

38     0.013 

Belt  slipping. 

400 

603 

6,600 

139 

282 

94 

169 

79 

0.054 

Bearing  seized 
and  smoking. 

Ulco  Hard  Metal 

100 

710 

13,160 

56 

133 

23 

41 

13 

0.013 

200 

715 

18,870 

69 

156 

33 

59 

18 

0.021 

300 

719 

18,830 

80 

176 

42 

76 

27 

0.013 

400 

711 

17,310 

81 

178 

43 

77 

23 

0.022 

500 

723 

17,660 

79 

174 

43 

77 

25 

0.014 

600 

692 

14,960 

84 

183 

45 

81 

24 

0.021 

700 

648 

24,520 

62 

144 

38 

68 

24 

0.020 

800 

365 

12,870 

53 

127 

20 

36 

23     0.010 

900 

408 

22,300 

59 

138 

22 

40 

24 

0.015 

1000 

405 

23,200 

66 

151 

36 

65 

22 

0.014 

Bearing  still 
good  conditio 

Standard  Grades  of  Babbitt  Metal 

At  a  meeting  called  by  the  Conservation  Division  of  the  War  in- 
dustries Board  on  Apr.  15,  1918,  which  was  attended  by  manufacturer 
and  users  of  bearing  metals,  the  Bureau  of  Standards  was  requested, 
after  conference  with  technical  representatives  of  the  large  manufactu^^ 
and  users,  to  determine  whether  four  classes  of  babbitt  metal  coui 
adopted,  ranging  in  tin  content  as  follows: 

A,  Genuine  Babbitt 89  per  cent,  tin 

B 40  to  50  per  cent,  tin 

C 4  to  6.5  tin 

D No  tin. 

The  Bureau  has  gone  over  the  situation  with  several  of  the  repre- 
sentatives, and  the  general  opinion  seems  to  be  that  it  is  imposs*"*^ 
limit  some  of  the  classes  to  a  single  composition,  because  of  the  fact  tna 
several  compositions  of  nearly  the  same  tin  content  are  in  general  u 
for  different  purposes.     Thus,  in  the  table  below.   No.  A-1  is  used  m 
aircraft  engines.   No.  A-3  is  used  for  automobile  engines,  No.  A-4 
found  in  bearings  of  electrical  machinery.     It  was  thought,  however, 
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that  class  B  can  be  entirely  dispensed  with,  as  these  intennediate-tin 
bearing  metals  are  in  no  way  as  satisfactory  as  either  a  high-lead  or  a 
high-tin  babbitt.  In  all  cases  where  class  B  could  be  used,  classes  C 
or  D  will  be  found  to  serve  the  purpose  equally  well.  There  are,  how- 
ever, some  grades  of  babbitt  containing  about  65  per  cent,  of  tin  which 
do  not  fall  into  either  class  A  or  class  B,  but  are  often  claimed  by  the 
manufacturers  to  equal  the  high-tin  babbitt  in  performance.  If  these 
claims  can  be  substantiated,  this  babbitt  should  be  considered  as  falling  into 
the  category  of  class  A  and  as  being  a  substitute  for  alloys  in  that  class. 

It  should  not  be  presumed,  because  high-tin  babbitt  of  class  A  is 
included,  that  the  Biu'eau  recommends  the  continuance  of  its  use  for 
many  bearings  in  which  it  is  now  used.  The  lowest  possible  tin  alloy 
should  always  be  used,  and  the  Bureau  believes  that  it  might  be  ad- 
visable to  allow  some  central  body  to  issue  licenses  for  the  use  of  babbitt 
in  class  A,  in  order  to  insiire  that  no  A  babbitt  is  being  used  where 
others  are  satisfactory. 

Alloy  D-2  has  been  included  in  class  D  because  this  comprises  babbitt 
metals  containing  no  tin.  It  should  be  noted  that  this  alloy  will  be  found 
satisfactory  in  many  installations  where  class  A  has  hitherto  been  used, 
and  its  inclusion  in  class  D  should  not  give  the  impression  that  it  is  a 
low-grade  babbitt. 

The  American  Society  for  Testing  Materials  has  drawn  up  specifica- 
tions for  12  compositions  of  babbitt  metals  (B23-18T)  which,  however, 
do  not  take  into  consideration  the  factor  of  tin  conservation,  but  are 
formed  for  use  in  peace  times.  The  present  recommendations  are 
for  use  in  the  existing  situation,  where  the  saving  of  all  tin  possible 
is  of  prime  importance. 

The  recommended  compositions  for  the  various  classes  are  given  in 
Table  3.  These  have  been  selected  so  as  to  include  existing  specifications 
and  usage  as  far  as  possible.  Much  information  has  been  secured  from 
the  questionnaire  sent  out  by  the  Bureau  and  from  replies  to  the  general 
letter  issued  by  the  War  Industries  Board  on  May  29,  1918. 

Table  3. 


Claas 


No. 


Tin, 
Per  Cent. 


Antimony, 
Per  Cent. 


Lead, 
Per  Cent. 


Copper, 
Per  Cent. 


A 

A-1 

91 

4.5 

1(a) 

4.6 

A-2 

89 

7.5 

1(a) 

3.5 

A-3 

84 

9.0 

1(a) 

7.0 

A-4 

83 

8.5 

1(a) 

8.5 

C 

C-l 

5 

10.0 

85 

0.5(a) 

D 

D-1 

•   • 

13.0 

87 

0.5(a) 

D-2 

(W 

(W 

98(6) 

(&) 

Iron, 
Per  Cent,  (a) 


0.08 
0.08 
0.08 
0.08 


Arsenic, 
Per  Cent,  (a) 


(&) 


0.10 
0.10 
0.10 
0.10 
0.20 
0.25 
(&) 


(a)  Maximum.  .      (6)  Remainder  is  alkali  and  alkali-earth  metal. 
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More  than  traces  of  impuriti^  other  than  those  listed  above  will 
not  be  allowed,  the  following  variations  above  or  below  the  specified 
amount  will  be  permissible  for  the  desired  elements: 


centage  of  elements  specified 

Permissible  yaiiAtions  from 
specified  value 

Not  over  6  per  cent. 

0.50 

5  to  10  per  cent.,  incl. 

0.75 

Over  10  per  cent. 

1.00 

Large  quantities  of  phosphor-bronze  of  the  composition  80  copper, 
10  lead,  10  tin,  deoxidized  with  phosphorus,  are  used  in  unlined  bearings 
at  fairly  high  speeds  and  pressures.  The  following  compositions  (Table 
4)  have  been  suggested  as  substitutes  for  this  composition,  although 
it  is  our  opinion  that  trouble  will  sometimes  be  experienced  with  Noe. 
8,  9,  and  10,  because  of  their  high  lead,  and  these  have  about  the  same 
tin  content  as  the  others  in  the  list. 

Table  4. 


No.  8 


No.  9 


No.  10 


No.  11 


No.  12 


Copper 

Tin 

Lead 

Zinc 

Antimony 

Phosphor-copper . . 


81 

79 

74 

64 

7 

5 

5 

5 

9 

15 

20 

25 

3 

■   • 

. . 

•   ■ 

•   • 

•    ■ 

. . 

5 

•   • 

1 

1 

1 

Remainder 

8 

15 

1.5-3 


Remainder 

5,0 

17.5 

6.0 


Structural  Bronzes 

Considering  bronzes  other  than  those  used  for  bearing  purposes, 
we  find  that  "Government  Bronze"  (Navy  Specification,  46M6a, 
Gun  Metal),  or  88  copper,  10  tin,  2  zinc,  is  used  in  large  quantities 
and  can  be  modified  to  admit  of  a  saving  of  tin  without  impairment 
of  the  physical  properties  sought.  Experiments  by  the  Bureau  of 
Standards  and  others  have  shown  that  a  composition  of  88  copper, 
8  tin,  4  zinc,  is  equal  or  superior  to  the  ordinary  Government  bronze. 
Aluminum  bronze,  of  composition  90  aluminum,  10  copper,  for  example, 
can  also  be  substituted  for  many  uses  of  Government  bronze;  so  also 
can  manganese  bronze  and  naval  brass.  Several  aluminum  bronzes 
containing:  small  amounts  of  iron  have  also  been  introduced,  which  can 
be  either  cast  or  wrought  and  are  now  being  employed  by  several  former 
users  of  Government  bronze. 

Some  manufacturers  have  raised  an  objection  to  the  use  of  aluminum 
bronze  because  the  scrap  accumulating  from  this  alloy,  if  it  should  be- 
come mixed  with  other  metals,  particularly  valuable  metals,  would  have 
a  deleterious  efiFect  upon  them.     This  is  simply  a  problem  in  works 
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management,  requiring  proper  sorting  and  routing  of  scrap.  We  know 
of  several  large  manufacturers  who  make  aluminum  bronze  castings 
in  proximity  to  steam  metal  castings,  who,  by  taking  the  proper  pre- 
cautions, have  encountered  no  difficulties. 

Table  5  gives  some  of  the  properties  of  the  above  mentioned  alloys: 

Table  5. 


Alloy 

Teoaile 

Sireoffth,  Lb. 

per  8q.  In. 

EUstio  limit. 
Lb.  Per  Sq.  In. 

Elongation 

in  2  In..  Per 

Cent. 

Authority 

GoTemment     bronze, 

38,860 

12,250 

25.2 

Average  of  30  tensile 

88  Ou,  10  Sn,  2  Zn. 

specimens  poured  in 
5  different  foimd- 
ries.  Tensile  tests 
made  at  the  Bureau 
of  Standards. 

88Cu,  8Sn,  4Zn 

39,220 

11,000 

30.6 

Same  as  above;  26 
specimens  only. 

Aluminum  bronze 

71,000 

25,000 

21.0 

Corse  &  Comstock 
Trans,  Soc.  Autom. 
Eng.  (1916)  11,  Pt. 
II,  272-73. 

Manganese  bronze, 

70,000 

35,000 

30.0 

Navy      Department 

U.  8.  N. 

Specification  46B15. 

Naval  brass 

54,000 
over  1  in. 

25,000 

40.0 

Navy      Department 

Specification  46B6b. 

60,000 
below  Ji  in. 

27,000 

35.0 

• 

Aluminum  bronze  with 

iron^  (Sillman  bronze) 

Wrought 

84,400 
78,860 

14,000 
11,500 

11.5 

Bureau  of  Standards. 

Cast 

14.5 

Bureau  of  Standards. 

»  Cu,  86.4;  Al,  9.7;  Fe,  3.9. 

At  the  suggestion  of  the  Imperial  Electric  Co.,  Akron,  Ohio,  the 
Bureau  also  made  tests  on  Government  bronze  in  which  half  of  the  tin 
was  replaced  by  an  equal  amount  of  nickel.  The  averages  of  several 
tests  on  these  alloys  are  shown  in  Table  6. 

Table  6. 


PartUl 
Composition 

Ultimato 
Strensth,  Lb. 
per  Sq.   In. 

Yield  Point, 
Lb.  per  Sq.  In. 

Elongation    !  Reduction  in  !    ^^^^.J"^ 
"  'Cent."^"  A.ea.  Per  Cent.,  Lb^^ticjty.^, 

1 

Cu  88,  Sn  5,  Ni  5, 
Zn2 

1 
1 

40,680             13.050 

31.8 
31.2 

28.0 
31.2 

17,300,000 
14,900,000 

Ou  89,  Sn  4,  Ni  4, 
Zn3 

39,675 

11,500 
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It  will  be  observed  that  the  above  values  are  exceedingly  good 
for  this  class  of  material^  and  that  either  of  the  above  alloys  can  be  used 
as  a  means  of  conserving  tin. 

Many  small  machine-part  castings  are  made  of  bronze  which  can 
just  as  readily,  or  even  sometimes  better,  be  manufactured  of  brass, 
i.e.y  copper-zinc  alloys.  Tin  is  also  looked  upon  in  many  brass  foundries 
as  a  cure-all  for  poor  castings,  and  is  often  added  to  the  mixture  when 
trouble  is  encountered.  This  practice  is  not  only  questionable  but  should 
not  occur  in  brass  foundries;  the  cause  of  the  poor  castings  should  be 
determined  and  the  proper  remedies  appUed  in  a  regular  manner. 

Solders 

The  composition  of  a  solder  will  vary  with  the  use  for  which  it  is 
intended.  Formerly,  every  mechanic  believed  that  nothing  was  as 
good  as  "half-and-half,"  50  tin,  60  lead.  It  is  very  seldom  that  a  50-50 
solder  is  necessary  in  the  present  emergency,  and  it&  use  should  be  elimi- 
nated. No  solder  over  45^5  should  be  used  for  hand  soldering  with  the 
iron,  and  in  the  majority  of  cases  40-^  will  serve  the  purpose.  Most 
plumbers  use  40-60  for  making  wiped  joints,  whereas  37.5-  62.5  is  just  as 
satisfactory  for  all  such  purposes.  Up  to  1 .5  per  cent,  of  the  tin  in  a  wiping 
solder  can  be  replaced  by  antimony,  although  this  element  is  objection- 
able in  solder  for  other  purposes. 

In  the  manufacture  of  automobile  or  airplane  radiators,  very  little 
solder  of  higher  tin  content  than  40  per  cent,  need  be  used,  and  in  many 
cases  35-65  solder  is  being  used  with  success.  For  the  canning  industry, 
both  in  the  manufacture  and  in  the  sealing  of  the  can,  37.5-62.5  solder 
can  be  used  with  satisfactory  results.  Articles  which  are  tinned  previous 
to  soldering  can  be  tinned  in  a  bath  composed  of  the  eutectic  of  tin 
and  lead — 63  tin,  37  lead.  This  composition  will  be  found  to  be  fluid 
and  will  not  segregate  as  will  certain  other  tin-lead  baths. 

Cadmium  as  Tin  Substitute 

Cadmium  appears  a  promising  substitute  for  part  of  the  tin  in  solders. 
The  Bureau  has  been  developing  such  a  solder  and  laboratory  tests, 
together  with  manufacturing  experience,  so  far  point  to  a  composition 
of  80  lead,  10  tin,  10  cadmium  as  being  practical  for  many  of  the  pur- 
poses for  which  solder  is  required.  This  solder  has  been  tried  in  the 
manufacture  of  tin  cans,  on  roofing  materials,  and  for  electrical  joints, 
with  encouraging  results  in  all  cases.  Before  using  it  for  food  containers, 
however,  it  will  be  necessary' to  ascertain  its  toxic  properties  under 
various  conditions.  A  test  has  also  been  made  of  it  in  the  manufacture 
of  automobile  radiators,  with  most  satisfactory  results. 
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The  tensile  strength  of  the  cadmium  solder  is  about  the  same  as  that 
of  40-60  solder,  but  the  ductility  is  approximately  twice  that  of  the  ordi- 
nary solders.  The  point  of  complete  liquation  is  only  slightly  higher  than 
that  of  the  ordinary  solders,  while  the  range  of  solidification  is  consider- 
ably greater.  Table  7  gives  some  of  the  provisional  data  on  these  solders, 
as  compared  with  tin-lead  solders;  the  tensile  properties  are  the  average 
of  four  determinations  made  on  a  Scott  testing  machine,  the  rate  of 
separation  being  about  12  in.  per  minute.^ 

Table  7. — Physical  Properties  of  Cadmiumrlead  and  Tirirlead  Solders 


Composition 


Initial 
Solidifi- 
cation, 

•c. 


Secondary 
Solidifi- 
cation, 

•c. 


Final 
Solidifi- 
cation, 
'C. 


Specific 
Gravity 


!  Equivalent 
Volume  to 
1  Volume, 
60-60 
Bolder 


Tensile 

Strength, 

Lb.  per  Sq. 


?er 
n. 


Elongation 
in    2   in.. 
Per  Cent. 


50Sn.60Pb 

40Sn,  60Pb 

37.6  Sn,  62.6  Pb 

90Pb,  10  Cd 

80Pb.  lOCd,  10  Sn.... 

85  Pb,  10  Cd,  6  Sn 

75  Pb,  10  Cd,  16  Sn.... 


210* 

181  • 

149* 

8.81 

1.00 

6098 

238* 

181  • 

149* 

9.47 

1.07 

6820 

246* 

181  • 

149* 

9.64 

1.08 

6383 

267 1 

• .  • . 

249 1 

11.09 

1.26 

6000 

264 

183 

143 

10.36 

1.17 

6727 

267 

202 

141 

10.67 

1.21 

• 

•  • . . 

.  *  •  > 

.... 

10.26 

1.16 

6880 

20.3 
26.0 
28.8 
87.6 
62.3 

41.7 


*  Rosenham  and  Tucker,  PhU.  Trana.,  Royal  Society  of  London  (1018)  A209,  89. 
t  A.  W.  Kapp:  Ueber  vollstandige  Gef rierpunktscurven  binarer  Metalllegirungen. 
Drude'a  Ann,  der  Phya.  (1901)  6,  764. 

Because  of  the  preponderance  of  lead  in  the  cadmium  solder,  its 
price  is  very  reasonable;  with  the  present  market  prices  of  the  metals 
involved,  it  is  thought  that  the  80-10-10  solder  can  be  sold,  at  a 
profit  at  35  c.  per  pound.  It  is  also  thought  that  plenty  of  cadmium 
can  be  produced  as  soon  as  the  market  for  it  is  created,  as  American 
sources  of  cadmium  are  imdoubtedly  available  which  are  not  at  present 
exploited.* 

In  meetings  with  manufacturers  of  materials  containing  tin,  it  is 
always  brought  out  that  the  Government  is  the  worst  offender,  and 
that  many  Government  specifications  call  for  a  lavish  use  of  tin,  which  is 
sometimes  detrimental  to  the  quality  of  the  material  manufactured. 
We  believe  that  many  of  these  specifications  are  being  revised  in  order 
to  conserve  tin,  but  there  is  room  for  further  improvement.  As  a 
means  of  reducing  the  consumption  of  tin  by  the  Government,  we  would 
suggest  the  advisability  of  creating  a  joint  committee  of  technical  repre- 
sentatives of  the  various  departments  to  pass  upon  or  revise  all  Govern- 
ment specifications  containing  tin.  Such  a  committee  could  be  in  close 
cooperation  with  the  manufacturers,  and  would  offer  a  better  opportu- 


«C.  E.  Siebenthal:  Cadmium  in  1917.    Minercd  Reaotarcea  of  the  U.  S,,  1917, 
Pt.  I,  49-53.    Also  ''Sources  of  Cadmium  in  the  United  States/'  this  BvOetin. 
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nity  for  the  manufacturers  to  criticise  the  tin  content  of  Government 
specifications  than  is  now  afforded  in  any  of  the  Departments. 

DISCUSSION 

G.  H.  Clambr. — ^Dr.  Burgess  referred  to  the  objection  on  the  part 
of  foimdrymen  to  the  usje  of  aliuninum  bronze  as  a  substitute  for  tin 
bronze,  because  the  aluminum  so  introduced  finds  its  way  into  the  scrap 
pile  and  is  the  cause  of  a  great  many  bad  heats  of  metal.  A  foundry  in 
Philadelphia,  which  keeps  a  very  careful  record  of  all  bad  heats,  found 
that  90  per  cent.,  at  least,  of  bad  heats  fixe  due  to  aluminum  content& 
The  foundry  makes  principally  copper,  tin.  And  lead  allo3rs,  also  some 
red-brass  valve  metal,  etc.  The  presence  of  a  very  small  amount  of 
aluminum  in  mixtures  of  that  kind  makes  them  absolutely  worthless, 
unless  they  go  through  a  refining  process  to  eliminate  the  aluminum, 
which  of  course  is  expensive.  For  years,  methods  of  detecting  the 
source  of  aluminum  in  mixtures  has  been  sought.  The  scrap  pile  might 
contain  anything  from  bird  cages  to  valves  and  miscellaneous  pieces 
weighing  from  a  small  fraction  of  an  ounce  to  maybe  thousands  of 
pounds;  the  fact  that  such  a  very  small  amoimt  of  aluminum  is  injurious 
means  that  probably  one  casting  in  the  whole  charge  of  metal,  which 
may  be  from  several  hundred  pounds  to  a  ton,  is  sufficient  to  cause  the 
rejection  of  that  particular  heat;  the  difficulty  is  increasing  every  day, 
for  more  and  more  aluminum  is  being  used  in  brass  and  bronze  mixtures. 
Ordinarily  it  takes  some  years  for  brass  to  get  back  to  the  scrap  pile, 
so  that  while  probably  10  years  ago  we  had  only  a  comparatively  few 
bad  heats  from  that  source,  today  the  number  is  graduaUy  increasing 
as  the  percentage  of  aluminum-carrying  alloys  is  increasing. 

R.  T.  Roberts,*  Elizabeth,  N.  J. — The  wrought-metal  manu- 
facturers also  are  having  trouble  keeping  aluminum-bronze  scrap  from 
being  mixed  with  their  brass  scrap.  The  two  alloys  used  in  wrought- 
metal  are  95  copper,  6  aluminum  and'  92  copper,  8  aluminum,  which  have 
practically  the  same  color  as  the  ordinary  2-1  sheet  brass.  It  is  abso- 
lutely impossible  to  run  those  alloys  in  an  ordinary  brass  mill  and  not 
get  them  confused  with  the  regular  brass.  Each  alloy  is  greatly  superior 
to  phosphor-bronze,  either  in  a  hard  or  a  soft  condition.  An  ordinary 
5  per  cent,  aluminum-bronze  wire  drawn  down  to  0.025  in.  (0.63  mm.) 
will  have  a  tensile  strength  of  over  150,000  lb.  per  square  inch  (11,250 
kg.  per  sq.  cmO*  The  same  is  true  of  an  aluminum-bronze  sheet  for 
spring  purposes.  The  only  way  the  Government  can  successfully  have 
aluminiun-bronze  substituted  for  phosphor-bronze  will  be  to  select  one 
mill  to  handle  the  whole  output  and  do  nothing  else;  this  would  make 
an  immense  saving  of  tin  in  this  present  crisis. 

•  Waclark  Wire  Co. 
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Babbitts  and  Solder 

•  G.  W.  Thompson,*  Brooklyn,  N.  Y. — This  subject  has  two  aspects, 
neither  of  which  can  be  ignored:  these  are  the  economic  aspect  and  the 
technical  aspect.  Under  ordinary  conditions,  economic  law  will  take  care 
of  the  conservation  of  tin.  Under  present  conditions  it  seems  desirable 
that  economic  law  should  still  be  permitted  to  operate  as  far  as  is  practi- 
cable. It  is  true  that  this  law  operates  rather  slowly,  and  that  under  war 
conditions  it  cannot  be  depended  upon  to  give  our  Government  the  supply 
it  immediately  needs.  There  should,  therefore,  be  a  designation  of  the 
essential  industries  by  the  Government,  and  tin  should  be  supplied  for 
those  needs,  letting  the  non-essential  industries  take  what  is  left.  At  the 
same  time,  information  ought  to  be  forthcoming  as  to  how  tin  can  be 
conserved;  with  tin  selling  at  80  c.  per  pound,  more  or  less,  it  is  to  the 
interest  of  every  consumer  to  get  the  best  information  he  can  as  to  how 
he  can  save  tin.  Economic  law  would  properly  punish  those  who  do  not 
study  their  own  interests  in  this  way.  I  deprecate,  therefore,  any  cen- 
tralized socialistic  effort  toward  avoiding  penalties  through  failure  to 
observe  and  obey  economic  law.  In  saying  this,  however,  I  am  not  un- 
mindful that  it  is  desirable  for  our  Government  to  take  such  control  of 
the  tin  situation  as  may  be  necessary  to  the  prosecution  of  the  war, 
practically  regardless  of  the  effect  of  such  action  upon  individual  in- 
dustry, which  should  studiously  seek  to  adjust  itself  to  the  new  con- 
dition. The  Government  should  promulgate  such  technical  information 
as  it  can  collect,  showing  how  tin  can  be  conserved,  and  should  urge  upon 
every  consumer  the  exercise  of  his  common  sense  in  self -protection. 
There  is  very  little  danger  of  any  one  attempting  to  hoard  or  corner  tin, 
in  the  present  state  of  the  market.  Most  consumers  will  be  glad  to  live 
from  hand  to  mouth,  covering  their  sales  by  purchases,  or  vice  versa. 

As  to  the  technical  aspects:  Tin  and  tin  alloys  are  used  to  give 
certain  practical  and  also  certain  artistic  results.  The  practical  factors 
are  those  involved  in  proper  adhesion,  continuity  of  surface,  protection, 
the  right  degree  of  hardness,  proper  working  qualities,  etc.  The  artistic 
results  are  those  that  appeal  purely  to  the  eye  or  to  our  cultivated  sense 
of  what  is  desirable.  There  is  no  doubt  that  a  great  deal  of  tin  could  be 
saved  if  there  were  not  a  demand  for  certain  pleasing  effects.  How  can 
this  saving  be  brought  about?  The  users  of  tin  bearing  alloys  are  not 
the  only  ones  involved  in  this  question.  The  manufacturers  of  solder 
and  babbitt  have  for  a  long  time  sought  to  give  certain  appearances 
to  their  fabricated  bars  and  ingots  in  order  to  make  them  more  salable. 
The  user  of  a  solder  is  very  apt  to  judge  of  its  working  qualities  by  the 
appearance  of  the  bar;  the  same  thing  is  true  with  regard  to  babbitts. 
Under  ordinary  conditions,  manufacturers  are  justified  in  trying  to 

•  National  Lead  Co. 
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produce  attractive  and  consequently  more  salable  products.  It  would 
seem,  however,  that  if  solder  and  babbitt  were  cast  in  closed  molds,  ju^ 
as  good  practical  results  would  be  obtained  by  the  user,  without  his  being 
able  to  give  preference  to  solders  of  unnecessarily  higher  grade  on  account 
of  their  appearance.  It  would  be  hopeless  for  any  one  manufacturer  of 
solder  to  undertake  a  change  of  this  kind,  but  if  all  manufacturers  of 
solder  agreed  upon  it,  they  would  be  able,  in  my  opinion,  to  get  the  users 
of  solder  to  take,  and  to  approve  by  their  practical  tests,  metals  containing 
less  tin  than  they  have  been  accustomed  to.  The  same  is  true  with  re- 
gard to  babbitt  metals. 

An  illustration  of  how,  in  the  use  of  an  alloy,  appearance  sometimes 
is  deceptive,  is  to  be  found  in  the  case  of  what  may  be  called  intermediate 
grades  of  babbitt.  I  am  thoroughly  convinced  that  high-tin  or  high-lead 
babbitts  are  better  than  those  containing  both  lead  and  tin  with  relatively 
high  percentages  of  each.  A  high-tin  babbitt  should  not  contain  more 
than  about  10  per  cent,  of  lead,  and  a  high-lead  babbitt  should  not  contain 
more  than  10  per  cent,  of  tin,  unless  the  percentage  of  antimony  can  be 
correspondingly  increased.  The  intermediate  babbitts,  such  as  those  that 
contain  from  30  to  70  per  cent,  of  lead  or  tin,  may  give  nice  appearing 
castings  that  flow  easily,  but  they  have  not  the  serviceability  of  the  high- 
lead  or  high-tin  babbitts.  Their  hardness  diminishes  very  rapidly  as  the 
temperature  rises,  and  they  have  a  relatively  low  softening  point  due  to 
the  eutectic  components  present. 

The  Cadmium  Supply  of  the  United  States* 

C.  E.  SiEBENTHAL,t  Washington,  D.  C. — From  being  one  of  the  most 
maligned  of  metals — a  veritable  bugaboo — cadmium  has  almost  over- 
night become  respectable,  though  its  slender  claim  to  respectability  rests 
almost  wholly  on  the  possibility  of  its  substitution  for  tin.  Preliminary 
to  any  campaign  for  such  substitution,  particularly  for  enforced  substi- 
tution, the  possible  supply  of  cadmium  should  be  determined  as  closely 
as  possible;  for  that  reason  the  statistical  inquiry  of  which  this  paper 
embodies  the  results  was  undertaken. 

Production 

Cadmium  is  marketed  in  two  forms,  as  metallic  cadmium,  in  sticks 
or  bars,  and  as  cadmium  sulfide,  the  pigment.  The  metal  has  found 
its  greatest  field  of  use  in  this  country  as  a  component  of  an  easily  fusible 
alloy  that  is  used  in  automatic  fire  extinguishers.  The  sulfide  is 
used  to  some  extent  in  paints  but  chiefly  to  give  color  and  luster  to  glass 
and  porcelain. 

The  metal  was  first  made  in  this  country  by  the  Grasselli  Chemical 

*  Published  by  permission  of  the  Director,  U.  S.  Geological  Survey, 
t  Geologist,  U.  S.  Geological  Survey. 
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Co.  in  1907.  Since  1910,  the  production  has  grown  rapidly  until,  in 
1916,  the  output  was  over  135,000  lb.  and  in  1917  over  207,000  lb.  The 
output  of  cadmium  sulfide  for  the  same  years  increased  from  22,000  to 
50,000  lb.  The  market  for  cadmium  was  a  little  slow  in  the  first  half 
of  1918,  stocks  accumulated  to  some  extent,  and  production  was  some- 
what curtailed.  In  the  first  eight  months,  the  output  was  118,700  lb. 
of  metalUc  cadmium  and  36,500  lb.  of  the  sulfide.  The  stocks  on  hand 
Aug.  31  were  161,000  lb.  oi  metallic  cadmium  and  23,500  lb.  of  the  sul- 
fide. Other  companies  now  manufacturing  one  or  both  forms  of  cad- 
mium are  the  American  Smelting  &  Refining  Co.,  the-  U.  S.  Smelting, 
Refining  &  Mining  Co.  (including  the  lead  smelter  at  Midvale,  Utah 
and  the  electrolytic  zinc  plant  at  Kennett,  Cal.);  the  Krebs  Pigment  & 
Chemical  Co. ;  and  the  Midland  Chemical  Co.  To  these  will  shortly  be 
added  the  Anaconda  Copper  Mining  Co.,  the  Judge  Mining  &  Smelting 
Co.,  and  the  Consolidated  Mining  &  Slmelting  Co.  (Ltd.),  of  Trail,  B.  C, 
with  the  possibility  of  still  others.  Several  plants  producing  cadmium- 
bearing  residues  have  sold  them  to  other  companies  already  .equipped 
to  recover  the  metal.  This  points  the  way  to  custom  cadmium-reduc- 
tion plants  large  enough  to  handle  economically  the  product  of  those 
plants  whose  output  is  too  small  to  justify  individual  reduction  plants. 

Sources 

There  are  several  cadmium  minerals,  but  none  of  these  occur  in 
profitable  quantities  as  ores.  The  cadmium  of  commerce  is  derived  from 
zinc  minerals  and  ores,  in  almost  all  of  which  it  occurs  in  minute  quantity, 
the  ratio  being  about  1  of  cadmium  to  200  of  zinc.  Cadmium  behaves 
metallurgically  almost  the  same  as  zinc  and  hence  constitutes  a  fraction 
of  1  per  cent,  of  almost  all  spelter.  The  sources  of  cadmium  that  have 
been  utilized  are  zinc  ores  treated  by  fractional  distillation,  lead-furnace 
bag-house  "fumes,"  and  residues  from  the  purification  vats  of  electro- 
lytic zinc  plants  and  lithopone  plants. 

Fractional  Distillation  of  Zinc  Ores. — Prior  to  the  beginning  of  pro- 
duction in  the  United  States,  cadmium  was  made  principally  by  Germany, 
where  it  was  derived  from  zinc  ores  by  the  method  of  fractional  distilla- 
tion, which  has  never  been  practised  to  any  extent  in  the  United  States. 
As  cadmium  has  a  higher  volatility  than  zinc,  the  first  vapor  to  distill 
over,  which  is  ordinarily  caught  as  ''blue  powder,"  contains  a  greater 
proportion  of  cadmium  than  that  going  over  later.  This  enriched 
"blue  powder"  by  special  treatment  has  yielded  most  if  not  all  of  Ger- 
many's output  of  cadmium.  Aside  from  the  United  States,  Germany  is 
the  only  important  producer  of  cadmium,  and  her  annual  output  in  the 
years  just  before  the  war  was  about  80,000  pounds. 

In  the  early  years  of  the  war,  spelter  containing  more  than  0.05 
per  cent,  of  cadmium  was  supposed  to  be  imsuitable  for  cartridge  brass. 
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Most  spelter  distilled  in  the  United  States  and  elsewhere  averages  from 
0.2  to  0.3  per  cent,  of  cadmium,  the  cadmium  content  ranging  from  a 
trace  to  about  0.75  per  cent.  The  distillers  of  cadmium-free  ores  and 
the  electroljrtic  zinc  plants  were  not  able  to  produce  all  the  high-grade 
spelter  needed  for  munitions.  In  this  exigency  several  processes  were 
proposed  or  revived  to  remove  the  cadmium  from  zinc  ores.  In  one 
process  it  was  proposed  to  add  carbon  to  the  zinc  concentrates  near  the 
end  of  their  journey  through  the  long  roasting  hearth  and  at  the  same 
time  bring  the  temperature  up  to  such  a  point  that  the  cadmium  would 
distill  freely,  but  not  high  enough  to  drive  off  much  zinc.  The  vapor 
coming  oflf  could  be  collected  and  further  refined  to  recover  the  cadmium. 
Such  a  process  offers  a  possibiUty  of  recovering  some  part  of  the  1500 
tons  of  cadmium  contained  in  the  zinc  sulfide  concentrates  produced  in 
the  JopUn  district  in  1917.  The  acceptance  of  spelter  with  0.5  per  cent, 
of  cadmium  as  Army  "high  grade,"  however,  took  away  the  incentive  to 
remove  the  cadmium,  though  this  process  was  for  a  time  put  into  practice 
at  one  smelter. 

Lead-furnace  Fumes. — ^All  lead  ores  contain  a  certain  amount  of  zinc. 
In  but  one  important  lead-producing  district  in  the  United  States,  the 
disseminated  lead  district  of  southeastern  Missouri,  is  the  quantity  of 
zinc  too  small  to  pay  to  separate  in  ore-dressing.  When  lead  ores  are 
smelted,  the  infinitesimal  quantity  of  cadmium  in  the  charge  is  separated 
from  the  associated  zinc,  the  latter  going  into  the  slag  and  the  cadmium 
going  dver  with  the  fumes  and  being  caught  in  the  bag  house,  together 
with  the  lead  and  arsenic  which  were  in  the  fumes.  When  these  fumes 
have  accumulated  in  sufficient  quantity  they  are  ignited  and  burnt  to  a 
clinker.  This  is  charged  back  into  the  blast  furnace,  and  the  cadmium 
returns  over  the  same  route,  accompanied  by  the  cadmium  content  of  the 
fresh  charge  of  ore.  Thus  the  cadmium  and  arsenic  are  constantly 
enriched  while  the  lead  remains  constant.  At  one  lead  smelter,  which  has 
been  in  operation  6  years,  the  bag-house  dust  carries  8  per  cent,  of  cad- 
mium. The  percentage  of  cadmium  in  the  bag-house  fumes  at  different 
smelters  ranges  from  less  than  0.1  to  10  or  15  per  cent.  The  rate  of 
enrichment  of  course  depends  on  the  nature  of  the  ore  that  is  being 
smelted.  When  the  fumes  are  sufficiently  rich  in  cadmium  and  arsenic, 
the  arsenic  is  removed  in  the  arsenic  furnace  and  the  residues,  which  may 
contain  as  high  as  30  or  40  per  cent,  of  cadmium,  are  treated  for  the 
recovery  of  that  metal.  Not  all  lead  smelters  are  equipped  with  bag 
houses,  and  some  lead  ores  contain  very  Uttle  cadmium.  Nevertheless 
the  bag-house  fumes  from  lead  blast  furnaces  must  in  time  become  en- 
riched to  the  point  where  cadmium  can  be  recovered  from  them.  Such 
fumes  have  been  hitherto  the  main  source  of  the  cadmium  produced  in 
this  country. 

Electrolytic  Zinc-plant  Residues, — In  the  reduction  of  zinc  ores  by 
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leaching  and  electrolytic  deposition  of  the  zinc,  the  zinc  solution,  prior 
to  electrolysis,  is  cleared  of  cadmium  by  precipitation  with  zinc  dust,  for 
the  presence  of  more  than  0.05  per  cent,  of  cadmium  in  spelter  prevents 
it  being  classed  as  grade  A  in  the  Navy  specifications.  As  between  a  zinc 
plant  and  a  lead  plant  treating  the  same  quantity  of  concentrates  the 
zinc  plant  would  handle  from  four  to  ten  times  as  much  cadmium  because 
of  the  greater  amount  of  zinc  involved.  It  can  be  seen,  therefore,  that 
electrolytic  zinc-plant  residues  will  soon  be  a  very  important  source 
of  cadmium.  About  one-third  of  the  supply  in  sight  at  present  willt5ome 
from  the  zinc  plants.  As  both  the  zinc  and  the  cadmium  are  recovered 
electrolytically  the  question  of  metallurgic  supervision  is  simpUfied. 

Since  the  early  part  of  1915,  the  demand  for  high-grade  spelter  has 
been  so  great  that  a  considerable  quantity  of  prime  western  spelter  has 
been  refined  to  the  high  grade  either  by  redistillation  or  by  electrolysis. 
In  electrolysis  the  anode  muds  contain  the  impurities  of  the  original 
spelter  anode,  which  consist  of  cadmium,  lead,  and  iron.  Some  cadmium 
has  been  recovered  from  such  muds. 

Lithopone-plant  Residues, — In  making  lithopone  the  necessary  zinc 
is  supplied  by  dissolving  in  sulfuric  acid  zinc  ashes  and  galvanizer's 
drosses,  refuse  zinc  oxide,  or  roasted  zinc  concentrates.  The  zinc  sul- 
fate solution  thus  obtained  must  be  purified  by  precipitating  out  the 
deleterious  ingredients,  among  which  is  cadmium.  The  cadmium  resi- 
dues are  concentrated  to  a  usable  degree  of  richness  and  worked  up  or  sold. 
The  cadmium  at  lithopone  plants  is  most  conveniently  recovered  in 
the  form  of  the  sulfide. 

Brass-shop  Fumes. — ^A  competent  authority  estimates  that  3  per  cent. 
of  the  zinc  used  in  brass  manufacture  escapes  in  the  form  of  fumes.  One- 
half  of  this  zinc  escapes  up  the  flues  in  the  melting  and  may  be  precipi- 
tated by  Cottrell  apparatus  or  otherwise,  but  the  other  half  escapes  into 
the  air  in  pouring  from  the  melting  pots  and  is  lost.  The  Bureau  of 
Mines  estimated  several  years  ago  that  400  lb.  of  cadmium  was  lost 
daily  in  such  fumes  at  Waterbury,  Conn.  It  is  likely  that  the  quantity 
is  less  now,  relatively  at  least,  because  of  the  prevailing  wider  use  in 
brass-making  of  spelter  practically  free  of  cadmium. 

The  fumes  are  richer  in  cadmium  than  the  spelter  used,  because  of  the 
higher  volatiUty  of  cadmium.  They  average  about  0.2  per  cent,  of  lead, 
2  per  cent,  of  copper,  30  per  cent,  of  zinc,  and  from  1  to  1.5  per  cent,  of 
cadmium.  If  such  fumes  were  used  in  the  manufacture  of  lithopone, 
the  resulting  residues  would  be  much  richer  in  cadmium  than  those 
obtained  when  zinc  ashes  are  used. 

Resources 

A  canvass  was  made  of  lead  smelters,  electrolytic  zinc  reduction  and 
refining  plants,  hthopone  plants,  and  a  few  typical  brass  works,  with  the 
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object  of  ascertaining  the  yearly  recovery  of  cadmium  in  fumes  and  resi- 
dues, the  accumulated  stocks  of  such  materials,  and  the  maximum  yearly 
capacity  of  the  cadmium-reduction  plants.  Completeness  cannot  be 
claimed  for  the  results,  but  fairly  detailed  repUes  were  received  from  the 
larger  producers.  Little  attention  has  been  paid  to  the  cadmium  content 
of  fumes  and  residues,  especially  at  plants  where  it  accumulates  in  small 
quantity. 

According  to  the  data  in  hand,  cadmium  is  accumulating  at  lead 
smeltiers  at  the  rate  of  350  to  400  tons  annually  and  the  stocks  of  fumes 
contain  over  750  tons  of^  cadmium.  At  electrolytic  zinc  plants  about 
200  tons  is  accumulating  annually  and  the  stocks  of  residues  contain 
about  400  tons.  At  lithopone  plants  probably  50  tons  is  produced 
yearly  and  about  25  tons  is  contained  in  stocks.  In  round  numbers, 
then,  600  tons  accumulates  annually,  and  there  is  on  hand  approximately 
1200  tons  in  stocks  of  fumes  and  residues.  Not  all  the  stocks  are  rich 
enough  for  the  cadmium  to  be  commercially  recovered  but  perhaps  mate- 
rial that  carries  1000  tons  is  suitable  for  treatment.  The  average  recov- 
ery of  cadmium  is  about  75  per  cent.  We  may  therefore  estimate  750 
tons  of  recoverable  cadmium  in  residues  in  stock.  An  increase  in  the 
number  and  capacity  of  electrolytic  zinc  plants  will  correspondingly  in- 
crease the  annual  accumulation  of  cadmium. 

Reduction  Capacity 

The  maximum  capacity  for  metallic  cadmium  reported  by  producers 
is  29,000  lb.  a  month,  or  about  175  tons  a  year.  This  capacity  will 
be  increased  by  the  entrance  into  the  producing  list  of  the  electrolytic 
zinc  plants  mentioned  above.  If  the  price  of  cadmium  and  the  demand 
for  it  should  justify  expansion,  the  producing  capacity  could  no  doubt 
be  brought  up  with  reasonable  prpmptness  to  500  tons  or  more  yearly. 
The  price  of  cadmium  will  be  the  deciding  factor  also  in  determining 
what  grade  of  cadmium  fumes  can  be  worked  at  a  profit. 

Prices 

In  1875,  cadmium  was  quoted  in  the  United  States  at  $3.20  a  pound. 
In  1886,  the  average  price  for  the  total  output  of  Germany  was  80  cents 
a  pound;  but  in  1890  and  1892,  it  fell  ofiF  to  38  cents.  In  1897,  because 
of  certain  purchases  by  the  Imperial  Government,  the  price  rose  to  $1.23 
a  pound.  In  1907,  when  the  United  States  began  mal^ng  cadmium,  the 
German  average  price  was  84  cents.  The  price  in  the  United  States 
went  down  to  53  cents  in  1909,  but  it  has  been  steadily  rising  since.  In 
1916,  the  average  price  was  $1.56  a  pound;  and  in  1917,  it  was  $1.47. 

The  cost  of  material  for  tin  and  cadmium  solders  of  various  formulas 
is  shown  in  the  following  Table  1. 
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Table  1 . — Cost  of  Malerial 

in  100  Pounds  of  Solder,  Od.  1,  1918 

60  PartaLeiid 

50  Parts  Tia 

DoUan 

60  Parte  Lead 

40  Parte  Tin 

Dollars 

80  Parte  Lead 
10  Parte  Tin 
10  Parte  Cadmium 
Dollars 

g2  Parte  Lead 
8  Parte  Cadmium 
Dollars 

Lead  at  8.05  cents . . 

Tin  at  80  cents 

Cadmium  at  $1.50 . . 

4.03 
40.00 

4.83 
32.00 

6.44 

8.00 

15.00 

7.41 
12.00 

Total  cost 

44.03 

36.83 

29.44 

19.41 

The  solder  containing  80  parts  lead,  10  parts  tin,  and  10  parts  cad- 
mium can  be  made  as  cheaply  as  the  half-and-half  solder  with  cadmium 
at  $3.00  a  pound  and  as  cheaply  as  solder  containing  60  parts  lead  and 
40  parts  tin  with  cadmium  at  $2.25  a  pound.  The  solder  containing  92 
parts  lead  and  8  parts  cadmium  can  be  made  as  cheaply  as  the  lead-tin 
solders  with  cadmium  at  $4.00  and  $3.25  a  pound  respectively. 


DISCUSSION 

M.  L.  LissBERGBR,*  Ncw  York,  N.  Y. — ^We  have  heard  a  good  deal 
about  replacing  the  tin  in  solder  by  cadmium,  but  we  have  not  heard 
anything  about  using  cadmium  in  bronzes,  brasses,  and  many  other 
places  where  cadmium  is  already  found  with  the  zinc.  .  If,  however, 
only  160,000  lb.  of  cadmium  are  available  and  it  is  desirable  to  con- 
serve tin,  why  not  substitute  cadmium  for  tin  in  bronze  first?  Those 
who  have  worked  in  cadmium  think  little  of  it  in  a  solder.  Cadmium 
solder  may  have  its  uses  in  electrical  work,  when  it  is  made  in  the  form 
of  wire  or  ribbon,  and  is  melted  with  a  blowpipe;  but  when  used  for 
bath  work,  cadmium  is  soon  oxidized  and  the  bath  becomes  unwork- 
able. As  soon  as  an  attempt  is  made  to  mix  cadmium  and  lead,  the 
cadmium  is  converted  into  an  oxide.  A  tin-lead  solder  is  an  absolutely 
permanent  mechanical  mixture;  to  use  cadmium  solder  until  its  perma- 
nency is  known  is  dangerous.  In  addition,  the  effect  of  cadmium  solder 
on  food  is  not  known;  but  it  is  known  that  solder  containing  80  per 
cent,  lead  should  not  be  used  in  any  food  container  where  there  is  any 
danger  of  the  lead  getting  into  the  food. 

There  are  means  of  conserving  tin  without  danger.  Bearing  manu- 
facturers could  use  all  the  cadmium  that  wiU  be  available  for  the  next 
3  or  4  years  if  a  method  for  thus  using  it  could  be  found,  and  thus 
save  the  tin  now  used  in  bearings  for  purposes  where  a  dependable 
substitute  has  not  yet  been  found.  The  use  of  phosphor-tin  frequently 
permits  the  use  of  less  tin  in  a  mixture,  because  in  many  cases  tin  is 
used  merely  to  smooth  the  mixture.     But  one  of  the  chief  places  to 
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conserve  tin  is  in  the  plant.  Care  should  be  taken  to  prevent  its  gping 
into  oxides,  drosses,  and  other  waste  and  not  to  use  scrap  that  contains 
tin  in  mixtures  that  do  not  require  tin.  Scrap  containing  tin  should 
be  employed  only  in  mixtures  in  which  tin  must  be  used. 

Charles  W.  Hill,*  East  Pittsburgh,  Pa. — ^The  use  of  lead-cadmium 
solders  is  complicated  by  the  ease  with  which  cadmium  oxidizes.  The 
addition  of  tin  or  zinc  to  lead-cadmium  mixtures  appears  to  reduce  this 
tendency  toward  oxidation,  so  that  these  solders  may  be  readily  used 
in  iron  soldering  and  if  precautions  against  overheating  are  taken  they 
may  be  used  in  pot  soldering. 

Zinc  is  only  slightly  soluble  in  lead-cadmium  mixtures.  Increasing 
percentages  of  cadmium  increase  the  tendency  to  oxidation  and  raise 
the  cost  of  the  solder  without  increasing  its  strength.  Most  of  our 
experiments  have  been  made  with  a  solder  composed  of  lead  90.8  per  cent., 
cadmium  7.8  per  cent.,  and  zinc  1.4  per  cent.  We  have  experienced  no 
difficulty  in  preparing  these  solders  using  the  ordinary  precautions  of 
solder  mixing.  They  are  stronger  than  the  lead-cadmium-tin  solders 
especially  at  temperatures  above  25**  C.  At  100°  C,  they  seem  to  be 
from  50  to  100  per  cent,  stronger  than  half-and-half  solder  and  about 
30  to  50  per  cent,  stronger  than  pure  tin.  The  tests  were  made  by  pull- 
ing apart  two  copper  cyUnders  that  had  been  soldered  end  to  end.  *  This 
strength  at  high  temperatures  is  of  value  in  soldering  apparatus  that 
will  become  heated  from  one  cause  or  another,  such  as  articles  which 
are  to  be  japanned  or  are  heated  by  steam.  In  this  respect  the  lead- 
cadmium-zinc  solders  are  much  superior  to  lead-cadmium-tin  soldera. 

The  lead-cadmium-tin  solders  cannot  be  fluxed  well  without  the 
use  of  a  metallic  chloride  flux  such  as  zinc  chloride.  They  give  good 
results  on  certain  metals  with  organic  fluxes,  such  as  rosin  or  glycerine, 
but  the  soldered  joint  is  stronger  when  zinc-chloride  fluxes  are  used. 
We  have  soldered  tin  cans  with  zinc-cadmium-lead  solders  without  the 
use  of  a  flux.  The  matter  of  flux  is  of  extreme  importance  in  many 
cases,  because  of  the  corrosive  action  of  excess  flux  left  on  the  soldered 
article.     This  is  true  with  copper. 

It  is  quite  probable  that  any  danger  from  the  use  of  these  solders  for 
tin  cans  used  for  foods  would  arise  from  the  lead  content  and  not  the 
cadmium,  which,  contrary  to  the  opinion  expressed,  is  quite  a  stable 
element,  except  at  high  temperatures.  It  would  obviouslylje  dangerous 
to  employ  such  solders  in  contact  with  foodstuffs  without  sufficient 
experimentation.  The  lead  content  of  solders  can  be  lowered  and  it  is 
quite  possible  that  some  of  the  higher  cadmium  solders  will  not  be 
injurious  to  health  and  wUl  not  be  attacked  by  the  contents  of  food  cans. 

In   conclusion  it  may  be  said  that  lead-cadmium  zinc  solders  are 
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entirely  suitable  for  certain  uses  and  even  possess  advantages  over 
present  solders  at  high  temperatures,  but  they  are  certainly  not  suitable 
for. all  uses.  However,  it  is  conceivable  that  their  use  in  many  places 
will  effect  a  material  conservation  of  tin.  It  will  probably  be  wiser  to 
use  cadmium  in  solders  where  good  results  have  been  obtained  than  in 
brass  where  this  element  wiQ  be  a  source  of  possible  trouble. 

F.  F.  CoLcoRD,*  New  York,  N,  Y. — ^The  cadmium-lead  solder  has  a 
higher  conductivity  than  the  lead-tin  alloy,  Which  ought  to  make  it 
advantageous  in  the  manufacture  of  electrical  machinery.  In  the  case 
of  solder  for  tin-can  work,  one  of  the  high  officials  of  the  American  Can 
Co.  said  that  he  fully  intended  to  give  it  a  good  trial,  and  I  do  not  be- 
lieve they  are  going  to  reach  hasty  conclusions  and  run  the  risk  of  poison- 
ing the  public. 

Solder,  Its  Use  and  Abuse 

Milton  L.  Lissberger,!  New  York,  N.  Y. — Solder  is  a  mechanical 
mixture  of  tin  and  lead,  a  fact  which  is  susceptible  of  very  simple  demon- 
stration. A  bar  of  solder  of  a  grade  even  as  low  as  30  per  cent,  tin  and 
70  per  cent,  lead,  passed  through  a  buffing  machine,  will  show  a  surface 
practically  identical  with  that  of  a  bar  of  second-quaUty  or  reclaimed 
tin.  The  buffings,  on  chemical  analysis,  will  prove  to  be  almost  pure 
lead. 

According  to  the  best  practice,  solder  is  made  in  the  following  manner. 
Virgin  pig  lead  is  first  melted,  and  when  it  is  thoroughly  liquefied,  virgin 
pig  tin  is  added,  together  with  a  small  amount  of  flux;  the  latter  is  for 
the  purpose  of  bringing  to  the  surface  the  so-called  ''liver,"  consisting  of 
impurities  that  may  have  remained  in  either  the  lead  or  the  tin  as  a 
result  of  incomplete  refining.  The  combined  material,  when  completely 
liquid,  is  thoroughly  stirred  for  some  hours,  and  is  then  cast  into  small 
pigs.  Just  before  casting,  and  continuously  during  this  operation,  the 
molten  metal  3delds  dross,  consisting  largely  of  the  oxides  of  lead  and 
tin;  this  should  be  carefully  skimmed  off. 

After  the  pigs  have  cooled,  they  are  taken  to  a  smaller  kettle,  re- 
melted,  and  cast  into  the  desired  shape  for  use;  or  if  wires,  ribbons,  etc., 
are  to  be  made,  the  solder  is  cast  into  slugs  suitable  for  extrusion  and 
rolling.  During  this  second  operation,  the  skimming  of  dross  should  be 
even  more  carefully  done  than  at  first. 

Hand  mixing  has  proved  to  be  the  only  reliable  method  for  the  pro- 
duction of  the  best  quality  of  solder,  irrespective  of  its  percentages  of 
lead  and  tin.  The  best  quality  of  solder  is  not  necessarily  that  which 
contains  the  highest  percentage  of  tin,  but  rather  is  that  composition 
which  performs  best  on  the  required  piece  of  work.     In  order  to  produce 

•  U.  S.  Metala  Refining  Co. 

t  President,  Marks  Lissberger  &  Son,  Inc. 
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a  thorough  mechanical  mixture,  it  is  necessary  to  stir  for  a  long  period; 
experience  has  shown  that  to  perform  this  operation  satisfactorily  takes 
from  5  to  6  hr.,  irrespective  of  the  quantity  of  material  being  mixed, 
and  also  irrespective  of  the  proportion  of  tin  in  the  mixture,  whether  60 
per  cent.,  or  as  low  as  30  per  cent. 

Throughout  the  casting  process,  what  occurs  is  that  the  lead  solidifies 
in  skeleton  crystals  until  the  remaining  liquid  has  the  eutectic  composi- 
tion, when  it  freezes  at  a  constant  temperature  as  a  mechanical  mixture 
of  tin  and  lead  containing  some  tin  in  solid  solution.  It  is  remarkable 
how  many  shapes  these  skeletons  take.  The  seeming  explanation  of  this 
variation  is  the  presence  of  other  metals  than  tin  and  lead,  in  very  small 
proportion,  or  even  traces. 

An  analysis  made,  in  1901,  of  borings  taken  from  a  section  of  a  pig 
of  solder  at  the  points  indicated  in  the  accompanjdng  diagram*  showed 

the  tin  content  to  be  as  follows:  No.  1, 
59.06  per  cent.;  No.  2,  52.99  per  cent.; 
No.  3,  38.43  per  cent. ;  No.  4,  39.07  per 
cent.;  No.  5,  45.62  per  cent.;  No.  6,  39.33 
N2i, /     per  cent.;  No.  7,  38.82  per  cent.     Table  1 


No.l 
No.  24 


No.  7  /      gives  the  breaking  stress  of  twenty-five 

No.4>|  /      grades  of  wire  solder  of  No.  9  Birmingham 

^^  5  f       gage;  tin  wire  of  this  gage  breaks  when 

subjected  to  a  stress  of  120  lb.  and  lead 

^^piQ^oF^BORiNGs^         ^^    wirc,  whcu  subjected  to  a  stress  of  49  lb. 

Table  2  gives  the  bursting  pressures  per 
square  at  diflferent  temperatures  for  twenty-four  grades  of  solder;  in  each 
case  the  pressure  is  dead,  not  expansive. 

In  arriving  at  these  figures,  it  was  impossible  to  use  an  expansive 
test  because,  after  a  number  of  experiments,  it  was  observed  the  figures 
differed  materially.  It  was  then  determined  to  use  dead  pressure,  and 
this  was  found  accurate  with  an  atmospheric  temperature  of  56**  F.;  but 
when  the  tests  were  subjected  to  heat  at  212°  F.  it  was  discovered  that 
the  length  of  time  to  which  the  test  was  subjected  in  this  degree  of  heat 
made  an  important  difference  in  the  amount  of  pressure  required  to  pro- 
duce the  burst.  When  subjected  to  240**  F.  the  difference  was  found  still 
greater,  and  in  both  cases  the  longer  the  test  was  subjected  to  heat  the 
less  pressure  was  required  to  produce  the  fracture.  The  figures  giving 
the  bursting  points  at  212°  and  240°  must,  therefore,  be  regarded  as 
only  approximately  correct. 

With  the  idea  of  conserving  tin,  solders  should  be  separated  into  two 
classes: 


*  For  this  diagram  and  the  tables  appended  we  are  indebted  to  Dr.  G.  W.  Thomp- 
son of  the  National  Lead  Co. 
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Table  1. — Breaking  Stress  of  Wire  Solder  of  No,  9  Birmingham  Gage^ 


Tin. 
Percent. 

Lead. 
Per  Cent. 

Breaking 
Strees,  Poands 

Tin. 
Per  Cent. 

Lead. 
Per  Cent. 

Breaking 
Strees,  Pounds 

25 

75 

65 

48 

52 

93 

28 

72 

68 

50 

50 

95 

30 

70 

69 

52 

48 

97 

33.3 

66.6 

73 

54 

46 

98.5 

35 

65 

74 

56 

44 

101 

36.5 

64.5 

78 

58 

42 

103 

37 

63 

79 

60 

40 

105 

38 

62 

80 

62 

38 

106.5 

38.5 

61.5 

78 

64 

36 

108 

40 

60 

84 

67 

33 

109.5 

42 

58 

85 

70 

30 

112 

44 

56 

87 

75 

25 

115 

46 

54 

91 

Table  2. — Bursting  Pressure  per  Square  Inch  of  Solder  at  Different  Tem- 
peratures 


Tin, 
Per  Cent. 

Lead, 
Per  Cent 

At  66°  F., 
Pounds 

At  212°  F.. 
Pounds 

At  240°  F., 
Pounds 

25 

75 

362 

146 

74 

28 

72 

384 

158 

77 

30 

70 

417 

170 

84 

32 

68 

436 

179 

88 

33.3 

66.6 

443 

181 

89 

35 

65 

460 

188 

93 

37 

63 

476 

196 

97 

38 

62 

482 

199 

99 

40 

60 

493 

202 

100 

42 

58 

497 

208 

103 

45 

55 

605 

212 

105 

46 

54 

508 

213 

106 

48 

52 

515 

215 

107 

50 

50 

522 

220 

109 

52 

48 

527 

223 

111 

54 

46 

527 

223 

111 

56 

44 

528 

223 

111 

58 

42 

533 

227 

113 

60 

40 

533 

227 

113 

62 

38 

535 

227 

113 

64 

36 

.  539 

227 

114 

66 

34 

541 

227 

114 

70 

30 

550 

230 

115 

75 

25 

561 

235 

118 

•  Experiments  made  by  F.  W.  Schultz  and  recorded  in  his  book  on  Solder  published 
in  1908. 
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(1)  That  which  is  used  strictly  for  soldering,  that  is,  joining  and  hold- 
ing together  two  pieces  of  metal. 

(2)  That  which  is  used  primarily  for  the  filling  of  an  interlocked  joint, 
so  as  to  prevent  the  escape  of  the  contents  of  a  container.  It  is  these 
filling  metals  that  offer  the  greatest  opportunity  for  the  conservation  of 
tin.  It  is  only  necessary  that  the  metal  shall  flow  into  the  seam,  and 
solidify  into  an  impenetrable  mass. 

The  greatest  abuse  of  solder  occurs  in  the  use  of  high-tin  mixtures  for 
filling  metals.  A  mixture  of  25  per  cent,  tin  and  75  per  cent,  lead,  worked 
at  the  right  temperature  and  with  proper  fluxing,  is  high  enough  in  tin 
for  any  filling  purpose,  as  has  been  demonstrated  in  the  practice  of  the 
oil  canners,  notably  the  Standard  Oil  Company. 

The  filling  operation  is  usually  conducted  by  machinery,  but  the 
users  have  frequently  not  reahzed  that  the  baths  are  considerably  richer 
in  tin  at  the  top,  through  which  layer  the  container  is  being  dragged, 
than  the  solder  that  is  put  into  the  baths.  When  the  40:60  solder, 
most  commonly  used  on  automatic  can-making  machinery,  has  not 
worked  entirely  satisfactorily,  it  has  often  been  found  that  the  addition 
of  1  or  2  in.  to  the  depth  of  the  bath  has  made  the  solder  work  very 
much  better.  Hence,  one  of  the  best  means  of  conserving  tin  in  can- 
making  solder  is  to  deepen  all  baths,  whether  on  Une  machinery  or  for 
hand  dipping,  thus  permitting  the  use  of  a  lower-grade  solder.  Owing 
to  the  increasing  adoption  of  the  so-called  *' sanitary  can"  in  the  food- 
canning  industry  and  of  the  interlocked  seam  for  oil  and  other  containers, 
it  is  safe  to  estimate  that  over  75  per  cent,  of  the  entire  consumption  of 
solder  is  used  as  filling;  hence,  the  possible  saving  of  tin  in  this  direction 
becomes  highly  important. 

The  fact  that  solder  dross  contains  a  higher  percentage  of  tin  than 
the  original  solder  has  usually  been  explained  on  the  assumption  that 
tin  oxidizes  more  rapidly  than  lead.  The  probable  explanation  is  that 
in  solder  baths  the  lead  is  gradually  working  toward  the  bottom  and  the 
tin  to  the  top,  where  it  is  exposed  to  the  oxygen  of  the  air;  thus  the  oxide 
of  solder  is  richer  in  tin  than  the  original  solder. 

The  overheating  of  solder  is  not  only  detrimental  to  the  work,  but 
also  causes  some,  though  not  a  very  great,  waste  of  tin  through  the  ex- 
cessive production  of  oxide.     While  this  oxidation  may  be  a  source  of 
considerable  expense  to  the  package  manufacturer,  it  is  not  actually  a 
very  serious  loss  of  tin  because  the  reclaiming  of  these  drosses,  or  oxides, 
has  been  so  perfected  that  very  little  of  the  original  metallic  contents  is 
lost.     In  these  days,  however,  when  every  ounce  of  tin  should  be  con- 
served, both  to  insure  a  sufficient  supply  for  the  most  essential  work, 
and  to  save  the  useless  transportation  of  a  material  which  comes  such 
long  distances  by  boat,  overheating  should  be  avoided,  and  all   baths 
should  be  covered  with  a  protecting  material  such  as  sal  ammoniac,  oil, 
charcoal,  or  ash. 
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In  this  connection,  it  should  be  emphasized  that  every  particle  of 
solder  oxide  should  be  preserved,  and  sent  to  the  reclaimer.  A  teaspoon- 
ful  of  solder  dross  contains  enough  solder  to  make  a  5-gal.  can  or  100 
No.  1  cans.  In  many  plants,  even  those  of  some  of  our  largest  con- 
sumers of  solder,  this  dross  is  not  collected  and  saved  with  sufficient 
care.  It  is  seldom  that  a  thorough  cleaning  and  gathering  together  of 
the  oxides  takes  place  more  than  once  a  week. 

Fire  will  purify  these  reclaimed  materials,  when  properly  refined, 
and  in  purity  they  will  compare  favorably  with  the  virgin  materials. 
However,  too  Uttle  attention  has  been  paid  to  the  proper  refining  of 
these  scrap  metals.  Usually  they  have  simply  been  put  into  a  kettle, 
melted  down,  and  then  brought  up  or  down  to  the  required  composition. 
This  is  not  sufficient.  Reclaimed  metals  are  never  equal  to  virgin 
metals,  no  matter  how  much  refining  they  undergo;  nevertheless,  for 
certain  classes  of  work  they  are  economical  and  efficient.  The  repeated 
use  of  metal  affects  its  physical  permanency;  yet  the  margin  of  safety 
in  the  use  of  solder  is  so  large,  and  the  length  of  time  that  solder  is 
required  to  remain  on  the  container  is  so  comparatively  short,  that 
any  lack  of  permanency  can  usually  be  safely  disregarded. 

After  many  years  of  experience,  we  have  developed  the  following 
method  of  manufacture.  The  lead  is  first  melted  at  a  temperature  which 
does  not  cause  too  rapid  fusion.  After  the  dross  has  had  a  chance  to 
rise  to  the  surface,  it  is  carefully  skimmed  off  before  the  required  amount 
of  tin  is  added,  and  slowly  reduced  to  the  Uquid  state.  From  the  moment 
the  tin  is  added,  the  solder  is  stirred  by  hand  for  3  to  4  hr.  A  scavenger 
is  then  added  and  thoroughly  worked  for  another  3  to  4  hr. ;  the  resulting 
dross  is  again  skimmed,  and  the  solder  is  cast  into  pigs  of  approximately 
80  lb.  each.  These  pigs  are  then  remelted  in  smaller  kettles  at  a  tem- 
perature which  just  causes  free  fluidity,  and  the  solder  is  then  cast  into 
the  desired  shapes.  During  the  entire  operation  of  final  casting,  the 
caster  stirs  every  time  he  takes  a  ladleful  from  the  pot. 

This  work  could  be  done  much  more  rapidly  at  higher  temperatures, 
and  much  more  economically  by  the  use  of  mechanical  mixers,  but  the 
resulting  solder  would  not  be  so  thoroughly  mixed,  nor  would  it  be  so 
fluid.  Mechanical  mixing  has  a  tendency  to  drive  the  oxide  and  dross 
back  into  the  metals,  thus  diminishing  the  holding  power  of  the  solder. 
The  scavenger  must  be  chosen  with  great  care,  and  the  amount  must  be 
very  accurately  gaged;  otherwise  the  scavenger  becomes  a  constituent 
of  the  finished  product,  and,  instead  of  being  beneficial,  is  a  detriment. 
We  have  found  that  in  the  grades  of  solder  containing  46  per  cent,  and 
less  of  tin,  the  addition  of  3^^  to  ^  per  cent,  of  the  best  grades  of  antimony 
increases  the  fluidity  and  holding  strength  of  the  solder  for  working 
tin  plate. 

Next  to  its  use  for  containers,  the  largest  consumption  of  solder 
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has  been  on  gasolene  motor  radiators.  The  hand  work  on  these  radiators 
requires  merely  a  free-flowing  clean  solder,  but  on  the  dipping  work, 
where  most  of  the  solder  is  used,  the  greatest  abuse  has  been  practised. 
As  these  radiators  are  composed  of  copper,  low  brass,  or  ordinary  brass, 
no  antimony  whatever  should  be  added  to  the  solder  used  for  this  purpose. 
Also  the  affinity  of  tin  and  lead  for  zinc  and  copper  will  draw  both  of 
these  metals  from  the  radiators  into  the  baths,  and  as  both  copper  and 
zinc  make  solder  sluggish,  it  does  not  take  long  (unless  proper  methods  are 
employed  for  cleansing  the  baths)  for  the  solder  to  become  deteriorated. 

These  baths  can  be  thoroughly  cleaned  by  a  mixture  of  rosin  and 
sulfur,  but  as  this  operation  produces  very  disagreeable  black  smoke 
throughout  the  plant,  some  method  should  be  devised  for  disposing  of  it. 
When  sulfur  is  used  for  removing  zinc  and  copper,  a  sufficiently  high 
temperature  should  be  employed  to  insure  the  complete  combustion  of  the 
sulfur.  The  baths  should  then  be  allowed  to  settle  for  at  least  half  an 
hour  after  such  heating,  and  the  top  carefully  skimmed  to  remove  any 
sulfides  present.  It  is  important  to  note  that  the  presence  of  any  non- 
metallic  substance  is  injurious  to  solder,  whether  it  has  been  added  as  a 
scavenger  or  is  Uberated  from  the  original  metals. 

The  question  is  frequently  asked,  what  is  the  strongest  solder  that 
can  be  made?  Numerous  experiments  have  been  made,  but  the  results 
are  confusing.  Tests  of  tensile  strength,  based  upon  wires  and  cast  bars, 
indicate  that  the  higher  the  tin,  up  to  75  per  cent,  tin,  25  per  cent, 
lead,  the  greater  the  breaking  strength;  in  the  case  of  two  pieces  of 
tin  plate  soldered  together,  the  maximum  strength  is  given  by  a  solder 
containing  around  42  per  cent.  tin.  Other  tests  were  made  on  square 
5-gal.  cans,  completely  filled  with  water  and  then  capped;  when  dropped 
from  a  height  of  about  100  ft.,  the  cans  soldered  with  46  per  cent,  tin, 
54  per  cent,  lead,  in  no  case  broke  at  the  seams,  although  the  tin  plate 
was  ruptured.  This  was  the  only  mixture  that  gave  this  result.  Cans 
soldered  with  47  per  cent,  or  more  of  tin,  53  per  cent,  or  less  of  lead, 
and  with  45  per  cent,  or  less  of  tin,  55  per  cent,  or  more  of  lead,  occa- 
sionally ruptured  at  the  seams.  These  experiments  were  made  most  care- 
fully and  were  afterward  confirmed  by  subjecting  the  cans  to  air  pressure. 

I  ara  thus  inclined  to  believe  that,  in  round  figures,  46  per  cent. 
tin,  54  per  cent,  lead,  is  the  strongest  mixture  that  can  be  used  for  gen- 
eral  soldering  purposes,  particularly  if  H  to  i^  per  cent,  of  antimony 
be  added  to  the  mixture.  The  Bureau  of  Standards,  with  the  approval  of 
the  War  Industries  Board,  suggests  that  the  highest  grade  of  solder  per- 
mitted should  be  45  per  cent,  tin,  55  per  cent.  lead.  For  mechanical  sol- 
dering, 40  per  cent,  should  be  the  highest  tin  ratio,  and  for  most  bath 
work  it  has  been  demonstrated  that  tin  from  35  per  cent,  to  38  per  cent., 
according  to  the  nature  of  the  work,  will  give  ample  satisfaction,  pro- 
vided the  solder  is  made  properly. 
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Air  Blasts  in  the  Kolar  Gold  Field,  India 

Discussion  of  the  paper  of  E.  S.  Moore,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  Bulletin  No.  135,  March,  1918,  p.  687. 

E.  S.  Moore  (author's  reply  to  discussion*). — I  have  read  with  much 
interest  Dr.  W.  F.  Smeeth's  criticism^  of  my  article  on  the  air  blasts  in 
the  Kolar  Gold  Field,  India.  However,  before  answering  the  questions 
he  asked,  I  should  like  to  suggest  .that  possibly  the  phrase  "  difference 
of  opinion"  might  be  substituted  for  the  word  "misapprehension" 
when  applied  to  my  statement  that  the  matrix  of  the  conglomerate 
resembles  a  hornblende  schist.  This  conglomerate  is  certainly  regarded 
as  a  metamorphosed  sediment.  Dr.  Evans,  who  has  had  wide  experience 
with  metamorphic  rocks,  has  regarded  this  as  a  clastic  rather  than  an 
autoclastic  rock  and  mentions  it  as  a  probable  glacial  deposit^  and  similar 
to  the  Lower  Huronian  conglomerate  of  North  America.  I  was  greatly 
impressed  by  the  similarity  between  this  rock  and  the  bands  of  Huroniati 
conglomerate  in  the  United  States  and  Canada  where  metamorphism  has 
rendered  the  matrix  of  the  rock  schistose.  It  was  scarcely  intended  that 
the  word  basal,  as  used  in  my  text,  should  be  extended  to  the  Kolar 
field,  although  possibly  it  may  be  equally  applicable  there.  The  word 
is  so  frequently  used  on  this  continent  for  the  Lower  Huronian  conglomer- 
ate, which  in  many  places  is  the  basal  formation  of  the  predominantly 
sedimentary  Proterozoic  group,  overlying  the  more  largely  igneous 
Archeozoic  rocks,  that  it  was  inadvertently  used  without  special  strati- 
graphic  significance  for  the  Kolar  area.  In  reply  to  Dr.  Smeeth's 
question  as  to  how  the  conglomerate  indicates  a  syncline,  it  would  seem 
that  if  there  is  present  in  a  closely  folded  area  a  band  of  sediment  that 
is  younger  than  the  surrounding  rocks,  it  must  be  in  a  syncline  in  those 
rocks. 

•  As  to  an  apparent  contradiction  in  the  statement  on  page  693  regard- 
ing the  compressive  stress,  it  does  not  seem  that  such  contradiction 
exists;  I  think  every  one  will  take  the  same  meaning  as  Dr.  Smeeth  has 
taken,  which  is  exactly  what  was  intended. 

As  to  the  difference  between  the  minor  explosions,  or  rock  bursts,  and 
the  larger  disturbances,  or  so-called  quakes,  shocks,  or  earth  tremors,  I 


*  Received  Nov.  4,  1918. 

1  Bulletin  No.  142  (October,  1918),  1542. 

*  J.  W.  Evans:  Proc.  Geologists  Assn.  (1910),  21,  448. 
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feel  like  reiterating  the  opinion  that  there  is  no  real  sharp  distinction 
between  them  in  many  cases,  because  the  same  agent  that  produces  the 
former  may  aid  in  producing  the  latter  and  in  causing  them  to  be  of 
greater  intensity.  The  results  of  the  larger  disturbances  are  very  much 
greater  than  those  of  the  smaller,  but  the  same  strain,  inherent  in  the 
rocks,  causes  the  larger  explosions  to  occur  more  frequently  and  at 
shallower  depths  than  those  at  which  they  would  occur  if  this  unusual 
strain  were  n'>t  present.  However,  the  fact  is  not  lost  sight  of  that 
heavy  shocks  have  occurred  in  deep  mines  in  South  Africa'  and  in  other 
regions  where  the  superincumbent  weight  of  the  rocks  alone  causes 
violent  ruptures  in  pillars  and  other  supporting  bodies  of  rock  left  in 
mine  workings.  The  physical  character  of  the  rock  will,  of  course,  have 
great  influence  on  the  intensity  of  the  blast. 

As  to  the  cause  of  the  strain  in  the  rocks  of  the  Kolar  region,  it  must 
still  be  regarded  as  due  to  movements  which  cause  compression  in  the 
earth's  crust.  This  seems  to  be  well  illustrated  by  the  bursting  of  rocks, 
observed  by  some  engineers  in  the  quarries  of  this  country,  as  well  as  by 
the  other  cases  cited  in  my  article. 

I  notice  a  small  error  was  made  in  recording  my  notes,  as  a  result  of 
which  the  circular  shaft  was  mentioned  as  being  on  the  Mysore,  instead 
of  on  the  Champion  Reef  property  (p.  689). 

In  concluding,  I  wish  to  thank  Dr.  Smeeth  for  his  discussion  of  the 
paper  and  the  very  valuable  data  which  he  has  submitted  in  describing 
in  detail  the  effects  of  notable  shocks  and  the  methods  employed  to  pre- 
vent them. 


Method  of  Fixing  Prices  of  Bituminous  Coal  Adopted  by  the  United 

States  Fuel  Administration 

Discussion  of  the  paper  of  Cyrus  Garnset,  Jr.,  R.  V.  Norris,  and  J.  H.  Aixport, 
presented  at  the  Colorado  meeting,  September,  1918,  and  printed  in  BuUetin  141, 
September,  1918,  p.  1411. 

Eugene  McAuliffb,*  St.  Louis,  Mo. — The  miethod  employed  by  the 
Engineer's  Committee  in  arriving  at  a  proper  selling  price  for  coal  and 
coke  represents  hard  painstaking  effort  based  on  a  thoroughly  scientific 
foundation;  and  the  United  States  Fuel  Administration  can  well  point 
with  pride  to  the  work  of  this  committee.    The  results  so  obtained  placed 

'  Since  the  writing  of  this  article,  R.  N.  Kotz^,  Government  Mining  Engineer  of  the 
Union  of  South  Africa,  has  very  kindly  sent  the  writer  a  copy  of  the  Report  of  the 
Witwatersrand  Earth  Tremors  Committee,  which  concluded  that  the  shooks  in  the 
mines  of  that  region  were  entirely  the  result  of  mining  operations  and  that  they  were 
liable  to  occur  after  such  a  depth  was  reached  that  the  superincumbent  weight  of 
the  overlying  rocks  was  sufficient  to  crush  the  pillars  in  the  mine  workings. 

*  President,  Union  Colliery  Co. 
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the  whole  price-fixing  issue  above  and  beyond  the  sweeping  criticism 
which  was  directed  against  the  so-called  Lane-Peabody  prices.  The 
meager  cost  data  available,  and  the  brief  time  allowed  for  study  of  costs, 
presented  an  insurmountable  difficulty  which  the  Peabody  Conimittee 
was  unable  to  overcome;  its  path  was  in  no  sense  made  easy  by  the 
attitude  of  certain  producers  who  looked  on  the  opportunity  as  one  for 
the  exercise  of  unbridled  license,  while  consumers  who  hitherto  had 
enjoyed,  except  for  short  seasons,  an  extremely  low  fuel  cost,  became 
not  only  hysterical  in  their  actions  but  extremely  pointed  in  their  charges. 
The  fact  that  the  Engineer's  Committee  was  able,  within  a  few  weeks, 
to  quiet  all  criticism,  winning  the  endorsement  and  commendation  of 
both  producer  and  consumer,  indicates  work  of  a  character  and  scope 
deserving  of  the  highest  approval. 

In  the  hurry  and  fervor  incident  to  transforming  a  nation  with  but  a 
limited  naval  force,  and  with  only  the  nucleus  of  an  army,  into  a  great 
militant  power,  Uttle  serious  consideration  is  being  given  to  what  might 
be  called  the  readjustment  period  that  will  follow  the  world's  war,  and  the 
question  of  making  permanent  provision  for  the  inteUigent  control  of  the 
coal  industry  after  the  war  is  over  is  one  that  may  well  merit  our  atten- 
tion. The  experience  of  the  past  three  years  has  demonstrated  the  vital 
relation  that  coal  as  a  conmiodity  bears  to  our  governmental  and  eco- 
nomic structure,  and  with  a  war-inflated  wage  rate  in  effect  when  the  pre- 
war competitive  condition  returns — perhaps  suddenly — the  very  exist- 
ence of  many  properties  may  be  jeopardized  by  an  excessive  production 
cost,  largely  due  to  the  application  of  uniform  unit  wage  increases  made 
without  regard  to  the  physical  and  market  conditions  surrounding 
certain  properties. 

The  doctrine  of  the  survival  of  the  fittest  is  not  a  safe  one  to  depend 
on,  inasmuch  as  the  elimination  of  the  unfit  might  reduce  production  to  a 
point  that  would  put  the  remaining  producers,  temporarily  at  lieast,  in  a 
commanding  position  that  would  prove  unsound  and  perhaps  prejudicial 
to  the  industry  as  a  whole.  While  attempting  to  guard  against  extra- 
ordinary conditions,  such  as  may  follow  the  war,  the  theory  of  individual- 
ism which  gives  every  man  incentive  to  put  forth  his  best  effort  must  not 
be  lost  sight  of ;  it  is  not  only  the  right  but  the  duty  of  the  State  to  apply 
to  business  a  measure  of  regulation,  sufficient  to  meet  the  requirements  of 
the  well-being  of  the  country  as  a  whole.  The  rapid  unionization  of  our 
industrial  population  bespeaks  a  further  tendency  toward  what  might  be 
termed  "limited  Socialism"  which  can,  without  doubt,  be  best  adminis- 
tered through  the  medimn  of  intelligent  Government  control,  the  regula- 
tory body  acting  as  an  intermediary  between  the  producer  and  his  labor 
on  the  one  hand,  and  the  consumer  on  the  other. 

No  greater  safeguard  could  be  provided  for  producer  and  user  than 
the  continuation,  after  the  war,  of  a  Federal  Fuel  Administration, 
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endowed  with  plenary  reg;ulatory  powers.  The  coal  industry  transcends 
in  importance  the  street  railway,  water,  gas,  and  electric  power  facilities, 
and  should  forthwith  be  classed  a  public  utility  of  prime  importance. 
Such  regulation  must  be  made  broad  enough  to  comprehend,  not  only  the 
stability  of  the  industry,  including  prices,  but  also  the  conservation  of  our 
coal  resources;  the  safety  of  mine  employees;  all  questions  of  social, 
intellectual  and  hygienic  character  which  surround  .the  mine  workers;  a 
definite  and  consistent  plan  for  expansion  commensurate  with,  but  not  in 
excess  of  our  needs;  the  development  of  such  additional  mechanical 
devices  as  will  admit  of  maintaining  production  in  the  face  of  a  decreasing 
immigration  of  the  men  of  that  class  who  have  in  recent  years  entered  the 
mines.  The  Engineering  Committee  has  proved  all  these  questions  as 
possible  of  solution. 


The  Mechanics  of  Vein  Formation 

Discussion  of  paper  of  Stephen  Taber,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BuUetin  No.  140,  August,  1918,  pp.  1189  to  1222. 

Blamey  Stevens,  Nogales,  Ariz,  (written  discussion*). — ^This 
subject  should  be  approached  boldly  from  the  purely  physical  stand- 
point. There  are  usually  many  known  ways  of  making  chemical  deposits 
of  any  particular  mineral  and  probably  many  more  ways  that  are  still 
unknown.  With  physical  effects,  however,  there  are,  in  general,  only 
one  or  two,  or  possibly  three,  ways  that  will  pass  muster  before  the 
physicist,  when  he  realizes  the  geological  conditions  to  be  harmonized 
with  the  physical  ones. 

Let  us  consider  the  second  way  that  Mr.  Taber  describes:  "It  (the 
mineral  matter  transported  in  solution)  may  enter  along  a  fracture, 
bedding  plane,  or  similar  passage,  and,  as  it  is  deposited,  force  the  wall 
rock  apart,  thus  making  room  for  the  growing  vein,"  because  it  is  the  one 
Mr.  Taber  chooses  for  the  great  bulk  of  metalliferous  veins.  By  "forcing 
the  wall  rock  apart"  Mr.  Taber  indicates  that  he  means  that  the  process 
of  crystallization  or  solidification  of  the  mineral  in  the  vein  forces  the  walls 
apart.  To  prove  this,  he  offers  a  great  variety  of  geological  evidence, 
which,  from  the  physical  standpoint,  is  entirely  superficial.  From  the 
geological  standpoint  the  evidence  is  the  best  to  be  had,  but  it  is  entirely 
negative  and  one  single  grain  of  really  positive  evidence  will  entirely 
offset  it. 

Suppose  it  be  granted  that  there  is  a  considerable  force  of  crystalliza- 
tion. It  is  well  known  among  physicists  that,  other  circumstances  being 
equal,  the  crystal  would  rather  form  where  it  does  not  have  to  exert  that 
pressure;  or,  to  be  more  exact,  where  it  is  not  necessary  for  the  crystal  to 

*  Received  Oct.  30,  1918. 
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do  work  on  external  objects.  It  follows,  therefore,  that  the  available 
channels  which  Mr.  Taber  calls  "a  fracture,  bedding  plane,  or  similar 
passage"  would  be  first  filled  as  far  as  the  available  solution  would  last. 
But  as  these  passages  filled  up,  they  would  be  exterminated  as  solution 
carriers,  for  certainly  Mr.  Taber  does  not  consider  that  merely  capillary 
passages  can  carry,  laterally,  enough  solution  to  make  a  vein.  This, 
then,  is  positive  physical  evidence  that  metalliferous  veins  are  not  formed 
in  that  way. 

My  conviction  as  to  how  they  are  formed  is  contained  in  my  paper, 
"The  Laws  of  Igneous  Emanation  Pressure,"^  and,  at  a  later  date,  in  a 
less  technical  article  published  in  the  "Mining  Magazine."^  These 
were  preceded  by  Mr.  Graton's  paper  mentioned  by  Mr.  Taber.  The 
veins  are  considered  to  be  opened  by  the  pressure  of  the  emanations. 
These  do  not  necessarily  open  up  a  large  space  all  at  once;  indeed  this 
would  be  opposed  to  the  physical  explanation,  for  the  pressure  of  the 
emanations  would  be  sufficiently  relieved  by  small  openings  being  made 
to  the  surface.  The  fractures  are  forced  open  a  little  at  a  time  as  they 
clog  up  with  the  material  deposited.  The  illustrations  were  chosen 
in  an  effort  to  include  as  great  a  variety  of  deposits  as  possible  and 
no  doubt  one  or  two  of  the  cases  are  outside  of  the  limits  allowable  to 
this  class  of  deposit.  The  only  case  the  physical  aspect  of  which  has 
been  since  mentioned  is  that  of  the  great  salt  domes  of  Louisiana  and 
Texas.  The  cause  of  deposition  in  this  case  was  the  partial  evaporation 
of  upward-flowing  brine  solutions  by  their  own  heat  and  a  continually 
decreasing  pressure.  The  less  soluble  salts  must  have  remained  in  the 
brine,  because  the  solution  could  hardly  be  imagined  to  carry  enough 
temperature  in  the  beginning  to  make  a  complete  evaporation  to  satu- 
rated steam  at  atmospheric  pressure.  This  discussion  does  not  mean 
that  Mr.  Taber's  well  known  work  on  asbestos  veins  is  considered 
incorrect.  But  it  is  plain  to  see  that  he  tries  to  draw  all  other  veins  as 
nearly  as  possible  into  his  own  particular  category. 

Stephen  Taber  (author's  reply  to  discussion*). — In  my  paper,  the 
geological  evidence  was  summarized  in  some  detail;  the  physical  evidence 
was  largely  omitted  as  this  phase  of  the  problem  had  been  investigated 
experimentally  and  discussed  in  earlier  papers.^  The  hypothesis  that 
large  quantities  of  mineral  matter  may  diffuse  through  small  capillary 
or  subcapillary  passages  is  supported  by  experimental  proof  of  the 

1  Trans,  (1912)  43,  167. 

*  Intrusive  Pressure  of  Mineralizing  Solutions.  Min.  Mag.  (November,  1914)  11, 
313. 

♦Received  Nov.  6,  1918. 

^  The  Growth  of  Crystals  under  External  Pressure.  Am.  Jour,  Sci.j  Ser.  4  (1916) 
41,  532-556;  and  Pressure  Phenomena  Accompanying  the  Growth  of  Crystals.  Proc, 
Nat.  Acad.  Sci.  (1917)  3,  297-302.  t 
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permeability  of  rocks  and  also  by  the  enormous  size  of  some  replacement 
deposits.  In  many  such  deposits,  the.  ore  minerals  have  idiomorphic 
surfaces  where  in  contact  with  the  partly  replaced  minerals,  thus  proving 
that  the  ore  minerals  may  be  introduced  and  deposited  without  the 
formation  of  perceptible  openings.  In  laboratory  experiments,  I  have 
grown  small  veins,  non-fibrous  as  well  as  fibrous;  and,  if  these  veins 
could  make  room  for  themselves  in  a  few  weeks,  I  see  no  physical  objec- 
tion to  the  hypothesis  that  the  larger  metalliferous  veins  may  be  formed 
by  similar  processes. 

The  hypothesis  of  igneous  emanation  pressure  advocated  by  Mr. 
Stevens  is  obviously  inapplicable  to  veinlets  of  calcite  and  gypsum  in 
regions  of  unaltered  sedimentary  rocks,  and  yet  such  veins  frequently 
furnish  similar  evidence  that  they  could  not  have  been  deposited  in 
pre-existing  open  fissures.  Certainly  Mr.  Stevens  does  not  consider 
that  the  calcareous  concretions  found  in  shale  have  been  formed  through 
the  agency  of  igneous  emanations,  and  yet  in  such  instances  the  bed- 
ding planes  of  the  shale  have  been  disturbed  by  the  growth  of  the  concre- 
tions in  exactly  the  same  manner  as  in  the  case  of  some  vein-walls.  The 
larger  concretions  may  even  contain  numerous  veinlets  that  do  not 
extend  into  the  surrounding  rock. 


The  Byproduct  Coke  Oven  and  its  Products 

Discussion  of  the  paper  of  William  Hutton  Blaxtyelt,  presented  at  the  Colorado 
meeting,  September,  1918,  and  printed  in  BuUetin  No.  135,  March,  1918,  p.  597. 

W.  H.  Blaxjvelt  (author's  reply  to  discussion*). — The  prevention  of 
smoke  from  byproduct-oven  plants  is  not  as  simple  as  would  appear  from 
Mr.  Moss's  statement.  All  well  designed  bjrproduct-oven  plants  are 
equipped  with  ample  exhauster  capacity,  and  the  suction  on  the  ovens 
is  controlled  by  highly  sensitive  pressure  governors  that  control  the 
pressure  within  a  fraction  of  a  millimeter.  Of  course,  this  apparatus  can 
get  out  of  order,  causing  the  batteries  to  smoke,  but  this  does  not  often 
happen. 

As  stated  by  Mr.  Thompson,  the  smoke  produced  is  made  almost 
entirely  during  the  time  of  charging  the  ovens,  when  they  are  cut  off 
from  the  hydraulic  main.  The  amount  of  smoke  that  escapes  at  this 
time  is  extremely  small,  compared  with  the  amount  produced  by  a 
beehive-oven  plant,  but  the  mechanical  difficulties  in  preventing  any 
escape  of  smoke  at  charging  time  are  considerable.  Several  devices  are 
in  operation  at  a  number  of  plants  which  collect  most  of  th6  smoke  made 
during  charging  and  several  devices  are  being  worked  on  for  its  complete 


•  Received  Nov.  2,  1918. 
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elimination.  These  will  probably  be  employed  only  where  the  smoke  is 
objectionable  on  account  of  the  location  of  the  plants,  as  the  value  of  the 
byproducts  in  this  smoke  is  very  small. 


The  Use  of  Coal  in  Pulverized  Form 

Discussion  of  the  paper  of  H.  R.  Collins,  presented  at  the  Colorado  and  Milwaukee 
meetings,  September  and  October,  1918,  and  printed  in  BvUetin  No.  136,  April, 
1918,  pp.  955  to  961. 

A.  V.  Adamson,*  New  York,  N.  Y.  (written  discussion). — ^The  ex- 
perience of  users  of  pulverized  fuel  in  metallurgical  work,  particularly  for 
open-hearth  furnaces,  has  demonstrated  that  high  ash  and  sulfur  in 
pulverized  fuel  are  a  detriment,  the  sulfur  in  the  coal  entering  into  the 
finished  product;  hence,  in  this  class  of  work  it  is  extremely  important, 
when  pulverized  coal  is  to  be  used,  that  the  coal  be  selected  with  care, 
and  only  those  having  low  percentages  of  sulfur  be  used,  in  combination 
with  proper  means  for  combustion. 

I  have  found  that  no  general  statement  can  be  made  as  to  the  cost 
of  pulverized  coal,  each  installation  being  an  individual  engineering 
problem  and  necessitating  a  varying  capital  expenditure;  as  each  in- 
stallation has  its  own  power  cost,  the  actual  cost  of  pulverizing  varies 
between  wide  margins. 

It  has  been  found  that  no  general  rule  can  be  laid  down  as  to  either 
fineness  or  dryness;  for  some  uses  a  wide  range  is  permissible  in  both 
factors,  while  some  classes  of  fuel  require  different  treatment  from  others. 

Anthracite,  coke  breeze,  and  lignite  ash  will,  under  certain  condi- 
tions, form  slag,  the  melting  point  of  the  ash  from  fuel  of  this  character 
being  practically  the  same  as  of  that  from  bituminous  coal;  furnace  tem- 
peratures above  the  melting  point  of  ash  must  therefore  cause  the  for- 
mation of  slag.  However,  it  should  be  noted  that  furnace  temperatures 
attainable  with  this  class  of  fuel  are  not  usually  so  high  as  those  from 
bituminous  coal,  which  probably  explains  the  statement  that  the  former 
do  not  slag.  In  a  well  designed  furnace,  temperatures  above  2250°  F. 
(1235°  C.)  will  be  obtained  with  that  class  of  fuel,  and  slags  will  be 
formed. 

Too  much  attention  apparently  has  been  centered  on  high  CO2 
contents  of  stack  gases.  A  high  percentage  of  COs  is  frequently  obtained 
at  the  expense  of  the  brickwork,  the  furnace  temperature  being  increased 
by  diminishing  the  excess  air;  a  high  percentage  of  CO2  th\is  simply  means 
a  small  proportion  of  O2. 

I  cannot  agree  that  the  life  of  a  pulverized-coal  furnace  is  as  long  as 

*  Construction  engineer.  Locomotive  Pulverized  Fuel  Co. 
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that  of  other  forms  of  furnaces.  If  the  statement  be  modified  to  the 
effect  that  the  Ufe  will  be  the  same  as  that  of  other  forms  of  furnaces 
operating  under  the  same  capacity  rating,  this  may  be  true.  My  ex- 
perience is  that  with  most  pulverized  fuel  systems  the  life  of  the  furnace 
is  less.  This  expense,  however,  is  more  than  offset  by  the  advantages  of 
using  coal  in  pulverized  form. 

In  general,  the  papers  on  this  subject  are  incUned  to  lay  too  much 
stress  on  the  advantages  of  pulverized  coal,  regardless  of  its  manner  of 
burning,  and  overlook  the  operating  difficulties.  A  wide  range  of  choice 
is  open  as  to  the  equipment  for  drying  and  pulverizing,  since  the  devel- 
opment of  this  machinery  has  been  in  progress  for  many  yeara  in  the 
cement  industry.  Hence,  the  furnace  problem  is  reduced  to  proper  han- 
dUng,  feeding,  and  burning. 

Ash,  slag,  and  cUnker  are  a  real  problem;  to  prevent  their  formation  on 
tubes,  checker-work,  and  furnace  walls,  is  absolutely  essential.  Methods 
of  combustion,  and  furnace  design  are  of  vital  importance.  Scientific 
analysis  of  the  difference  in  heat  transmission  due  to  radiant  fuel  and 
ash  in  suspension  has  offered  a  real  opportunity  for  research.  None 
of  these  items  can  be  disregarded;  yet  the  beaten  highway  of  cement 
practice  has  offered  no  answer  because  in  long-flame  rotary  kilns,  such 
as  are  used  in  cement  work,  these  questions  are  of  no  importance. 

For  four  years  the  organization  with  which  I  am  connected  has 
labored  with  these  subjects,  and  I  am  frank  to  say  that -the  ground  has 
not  yet  been  fully  covered.  Such  progress  as  has  been  made  is  due  to 
progressive  development  based  on  practical  operating  experience  on 
locomotives,  heating  furnaces,  and  boilers.  The  facts  that  have  been 
definitely  settled  can  be  summarized  as  follows: 

1.  Pulverized  coal  is  not  suitable  for  all  purposes,  and  the  character 
of  the  fuel  available  is  one  of  the  factors  causing  the  necessity  for  sepa- 
rately considering  each  proposed  installation. 

2.  Honeycomb  and  ash  on  tubes,  and  slag  on  walls  and  fiimace 
floor,  can  be  controlled. 

3.  Flame  velocity  must  be  reduced  to  a  minimum. 

4.  No  continuous  operating  efficiency  or  continuous  good  results 
can  be  obtained  with  pressure  air  for  combustion,  even  if  only  ^  oa. 
pressure  is  used;  and  the  more  nearly  a  furnace  approximates  a  balanced- 
draft  condition,  the  better  the  operating  results. 

5.  The  incoming  fuel  must  be  mechanically  mixed  with  the  air-con- 
veying medium  to  prevent  a  pulsating  flame  and  the  formation  of  coke 
due  to  lumps  of  pulverized  coal  in  the  feed. 

6.  In  general,  the  future  for  the  use  of  coal  in  pulverized  form  for 
steam  generating,  metallurgical,  and  chemical  work,  offers  a  real  oppor- 
tunity for  fuel  economy  and  increased  production;  it  is  the  one  way  by 
which  shortage  of  oil,  gas  and  coal,  together  with  transportation  and 
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labor  difficulties  can  be  overcome.  Due  consideration,  however,  must 
be  given  to  the  difficulties  inherent  in  and  the  troubles  incident  to  improper 
design  and  installation.  In  other  words,  an  installation  for  the  economic 
utiUzation  of  fuel  in  pulverized  form  is  not  one  which  can  be  purchased 
over  the  counter,  and  special  experience  or  development  is  essential 
for  each  individual  installation. 

The  Chairman  (J.  W.  Richards,  South  Bethlehem,  Pa.). — I  under- 
stand that  Mr.  Adamson  has  had  experience  with  powdered  coal  in 
locomotives.    Are  you  free  to  tell  us  of  that? 

A.  V^  Adamson. — My  experience  with  locomotives  was  in  Brazil  for 
the  Government-owned  railroads.  Twelve  of  these  locomotives  were 
built  and  equipped  for  pulverized  fuel  in  America  and  shipped  to  Brazil 
in  the  early  part  of  1917,  where  they  were  put  into  fast-passenger  service. 
The  purpose  was  to  burn  native  Brazilian  coal,  a  means  of  using  which  had 
not  been  found.  On  the  regular  run  of  110  miles  for  the  round  trip  and 
several  hours  standby,  6  metric  tons  of  Brazilian  coal  were  consumed. 
Compared  with  the  same  amount  on  the  hand-fired  locomotives  using 
American  coal  at  approximately  $40  per  ton,  this  effected  a  saving  for 
each  trip  of  approximately  $120.  After  6-weeks'  service  test  on  one  of 
these  locomotives,  without  opening  the  firebox  except  for  the  dumping 
of  the  ash  and  slag,  the  fine  sheet  and  tubes  were  found  to  bQ  absolutely 
clean. 

These  Brazilian  coals  run  very  high  in  sulfur,  ranging  from  4.5  to 
6  per  cent.  However,  no  difficulties  were  experienced  due  to  the  sulfur 
in  the  coal,  neither  did  it  have  any  deleterious  effect  on  the  boiler.  These 
coals  run  high  in  moisture  and  ash,  the  ash  running  from  22  to  30  per  cent. 
The  moisture  was  reduced  before  pulverizing  to  3  per  cent.,  and  less  if 
possible.  A  low  grade  of  Brazilian  lignite  was  successfully  burned  on 
several  trips,  although  the  moisture  after  pulverizing  ran  as  high  as  12 
per  cent. 

Chairman  Richards. — I  would  like  to  ask  Mr.  Collins  if  the  coal 
must  necessarily  be  dried  to  1  per  cent,  moisture  in  every  case.  If  it  is 
dried  to  that  extent  and  is  not  used  at  once,  coal  will  absorb  1  or  2  per 
cent,  of  moisture  from  the  air.  I  have  been  told  that  coal  has  been 
pulverized  satisfactorily  though  containing  much  more  than  1  per  cent, 
moisture. 

In  regard  to  the  efficiencies  attained  by  pulverized  fuel,  I  believe  that 
the  heating  arrangement  of  the  furnace  itself  is  a  most  important  factor. 
Thus,  when  burning  lump  coal  a  grate  is  necessary,  entailing  losses 
through  the  bars  and  sides  of  the  grate,  and  radiation  through  the  roof; 
whereas,  when  burning  powdered  coal,  the  heat  losses  from  the  firebox 
end  of  the  furnace  are  largely  eliminated. 

Mr..  Collins  states  that  the  costs  of  different  coals  prepared  and 
delivered  in  the  furnace  are  directly  comparable  on  the  heat-unit  basis. 


1774    discussion:  Colorado  and  Milwaukee  msetingSi  1918 

I  wish  to  urge  caution  as  to  the  comparing  of  different  fuels  on  the  heat- 
unit  basis,  as  usually  determined.  The  calorimeter  gives  a  thermal  value 
which  includes  the  heat  of  condensation  of  any  water  produced  by  the 
combustion;  in  practice,  this  heat  of  condensation  is  never  utilized  and 
the  calorimetric  results  ought  to  be  corrected  to  that  extent  before 
comparing  the  practical  calorific  powers  of  different  fuels.  That  fuel 
which  has  the  largest  amount  of  combustible  hydrogen  and  jdelds  the 
most  water,  will  show  a  disproportionately  high  calorific  power  in  the 
calorimeter,  because  it  will  be  credited  with  the  heat  of  condensation  of 
all  the  water  that  is  formed,  which,  in  practice,  always  goes  up  the  chim- 
ney, as  vapor.  I  should  recommend  using  the  practical  or  metallurgical 
calorific  power  of  the  fuels,  and  not  the  calorimetric  value,  as  ordinarily 
used. 

H.  H.  Stobk,  Urbana,  111. — I  should  Kke  to  ask  how  much  of  the 
ash  is  lost  by  passing  up  the  stack,  and  would  this  not  be  troublesome 
in  settled  commimities? 

H.  R.  Collins. — ^From  a  boiler  of  250  hp.  rating,  and  running  at 
about  150  per  cent,  capacity,  we  obtained  about  a  barrel  of  ash  out 
of  the  firebox  in  24  hr.  Some  ash  settled  in  the  back  chamber  under- 
neath the  heating  surface  of  the  boiler,  and  the  rest  passed  out  of  the 
stack.  Th,e  fine  ash  is  so  light  that  it  floats  high  in  the  air,  and  it  lands 
probably  miles  away. 

Chairman  Richards. — One  disadvantage  of  pulverized  coal  as  a 
matter  of  national  economy  is  that  it  offers  no  possibility  of  saving  any 
byproducts.  Hence  the  Carbocoal  process,  followed  by  pulverization 
of  the  semi-carbocoal,  from  which  some  of  the  volatiles  have  been  ex- 
tracted, would  seem  to  offer  great  economies. 

R.  F.  Harrington,*  Boston,  Mass. — I  should  Uke  to  ask  about 
the  application  of  pulverized  coal  to  malleable  and  gray  iron.  At 
one  time,  considerable  diflSculty  was  experienced,  due  to  the  deposition 
of  the  ash  on  the  metal  bath. 

H.  R.  Collins. — ^As  a  general  rule,  the  molten  metal  is  drawn  first, 
and  the  ash,  which  forms  slag  on  the  top  of  the  bath,  leaves  the 
furnace  last,  the  same  as  in  open-hearth  practice;  hence  the  deposit  of 
ash  ought  not  to  be  objectionable. 

In  heat-treatment  furnaces,  particularly  those  for  malleable  iron, 
there  is  no  trouble  at  all  if  the  flues  are  correctly  proportioned  to  the 
amount  of  fuel  burned,  so  that  the  velocity  of  the  spent  gases  will  be 
sufiicient  to  carry  off  the  ash. 

Thos.  a.  MARSH,t  Chicago,  111. — I  would  like  to  ask  what  success 
has  been  attained  in  the  burning  of  pulverized  coke,  a  fuel  containing 
less  than  3  per  cent,  volatile. 

♦  Hunt  Spiller  Mfg.  Ck). 
t  Green  Elngineering  Co. 
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H.  R.  Collins. — ^In  order  to  bum  pulverized  coke,  or  other  fuel 
low  in  volatiles,  the  temperatures  must  be  higher  than  usual,  since 
carbon  ignites  at  around  900®  to  1000®  F.  Hence  we  have  found  it 
necessary  to  pass  both  anthracite  and  pulverized  coke  underneath  an 
arch,  returning  the  ignited  fuel  around  the  incoming  fuel  so  as  to  raise 
its  temperature  above  the  ignition  point;  after  which  thp  flame  passes 
into  the  furnace  itself.  That  is  the  only  way  in  which  we  have  been 
able  to  burn  the  low-volatile  fuels  satisfactorily. 

Chairman  Richards. — Is  it  not  possible  to  mix  a  certain  proportion 
of  bituminous  coal  with  anthracite  or  coke,  in  order  to  gain  the  advantages 
of  both? 

H.  R.  Collins. — This  can  readily  be  done;  about  32  per  cent, 
bituminous  coal,  ranging  above  30  per  cent,  in  volatile  matter,  can  be 
mixed  with  anthracite,  and  the  combustion  made  nearly  perfect. 


Electrostatic  Precipitation 

Discussion  of  the  paper  of  O.  H.  Eschholz,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  Bulletin  No.  140,  August,  1918,  p.  1293. 

R.B.  Rathbun,*  Salt  Lake  City,  Utah  (written  discussionf). — 
While  the  engineer  should  carefully  weigh  the  merits  of  the  various 
types  of  equipment,  he  must  bear  in  mind  that  the  object  of  his  plant  is 
the  recovery  of  suspended  solids,  and  a  thing  is  unimportant  except  as 
it  contributes  to  this  end,  other  engineering  principles  being  duly  con- 
sidered. The  controversy  regarding  the  use  of  synchronous  motor- 
driven  rectifiers  by  which  the  power  for  the  treater  is  taken  directly 
from  the  mains  of  the  local  power  system,  rather  than  the  motor-generator 
rectifier  giving  each  treater  unit  its  own  isolated  electrical  system,  has 
led  many  to  think  that  on  the  type  of  rectifier  depends  the  success  of 
the  plant.  It  is  in  fact  a  relatively  unimportant  part  of  the  plant  and 
represents  a  very  small  fraction  of  the  investment;  the  recoveries  in  dust 
and  fume  are  practically  the  same  in  each  case.  One  large  smelting 
concern  has  adopted  the  motor-generator  type  for  all  of  its  plants  after 
years  of  experience  with  the  synchronous-motor  type.  Its  reasons 
are  practically  the  same  as  those  set  down  by  Mr.  Eschholz  for  his 
preference.    Given  more  in  detail  they  are: 

1.  An  independent  electric  system  prevents  outside  power-line 
conditions,  like  voltage  fluctuations,  from  interfering  with  the  operation 
of  the  Cottrell  plant  and  eliminates  the  possibility  of  the  Cottrell  plant 
causing  trouble  for  the  power  company.    The  latter,  while  not  very 
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probable,  must  be  considered,  for  it  is  sometimes  difficult  to  convinoe 
the  transmission  engineer  that  the  make  and  break  of  the  synchronous 
switch,  which  is  the  rectifier,  does  not  introduce  destructive  voltage 
transients  into  his  system  Uke  the  well  known  phenomena  attending 
high-tension  switching.  It  is  not  surprising  that  the  power  company 
hesitates  to  take  any  chances  for  the  small  amount  of  load  acquired. 

2.  An  isolated  electric  system  for  each  treater  prevents  the  possibility 
of  any  disturbance  in  one  treater  being  communicated  to  the  other 
treaters  through  the  transformers  and  rectifiers. 

3.  By  means  of  the  generator-field  and  the  exciter-field  regulations, 
the  treater  potential  may  be  maintained  very  close  to  the  critical  dis- 
ruptive value.  This  is  considered  essential  for  good  work  and  can  only 
be  equaled  when  using  a  synchronous-motor  type  method  by  the  use  of 
an  induction  regulator  with  remote  electric  control,  which  is  more  compli- 
cated than  a  simple  rheostat  control  in  the  generator  field. 

4.  The  motor  generator  is  free  from  all  the  drawbacks  to  which  the 
synchronous  motor  is  subject,  such  as  falling  out  of  step  and  bunting. 

Against  these  things  is  urged  a  slightly  smaller  first  cost  and  approxi- 
mately v86  per  cent,  power  efficiency,  as  compared  with  about  a  76  per 
cent,  efficiency  of  the  motor-generator  set.  In  addition,  if  the  gjmchro- 
nous-motor  method  is  used,  the  large  power  system  will  tend  to  absorb 
the  surges  while  the  small  generator  circuit  will  tend  to  reflect  and 
magnify  any  wave  distortions  that  may  be  present.  But  if  there  are 
no  wave  irregularities,  this  function  of  a  large  power  system  is  not  neces- 
sary. Oscillograms  taken  on  a  large  motor-generator  Cottrell  plant  in 
Utah  showed  the  treater  and  transformer  circuits  to  be  remarkably  free 
from  these  surges.  In  this  case,  however,  the  generator  wave  was  a  true 
sine  without  any  irregularities.  Oscillograms  taken  on  a  large  plant 
at  Coram,  Cal.,  where  synchronous-motor  rectifiers  and  induction  regula- 
tors were  used,  showed  that  steep  wave  fronts  and  surges  were  present  to 
a  marked  degree  in  spite  of  the  absorbing  qualities  of  a  large  power  83^tem. 
Oscillograms  taken  on  three  plants  recently  constructed,  where  motor 
generators  were  used,  showed  that  under  certain  conditions  of  the  load 
voltage  transients  in  the  high-tension  side  of  the  transformer  circuit 
became  troublesome.  In  these  plants  the  voltage  wave  was  not  a  true 
sine,  a  number  of  small  peaks  or  harmonics  being  apparent  in  the  wave. 
The  small  peak  that  occurs  just  at  the  point  of  breaking  contact  is  seen 
in  the  oscillogram  to  be  manifest  in  the  wave  on  the  high  side  of  the  trans- 
former greatly  magnified,  due  to  the  steep  wave  front  in  the  primary 
wave.  From  the  foregoing  it  is  a  fair  assumption  that  if  the  voltage 
wave  of  the  generator  is  a  true  sine  with  no  steep  wave  fronts  there  is 
no  disadvantage  due  to  surges  in  motor-generator  rectifiers.  This 
method,  then,  should  not  be  condemned  on  accoimt  of  a  defect  in  a 
particular  type  of  generator  used.     It  seems  better  to  correct  the  defect 


ELECTROSTATIC   PRECIPITATION  1777 

in  the  generator,  although  this  defect  has  not  proved  as  detrimental  as 
might  be  supposed,  for  in  every  case  known  to  the  writer  this  surge,  which 
makes  itself  manifest  by  arcing  across  a  protective  spark  gap  placed  across 
the  high-potential  terminals  of  the  transformer,  decreases  so  as  to  be  negli- 
gible as  soon  as  the  gas  is  in  a  state  permitting  good  precipitation  with 
either  method.  There  are  electrical  remedies  that  often  prove  beneficial, 
such  as  absorbing  this  oscillating  energy  by  inserting  ballast  resistance  in 
the  primary  and  secondary  circuits  or  by  shunting  condensers  across  the 
primary  circuit.  Sometimes  the  inductive  reactance  of  the  circuit  may 
be  changed  to  advantage;  and,  too,  the  critical  frequency  of  the  system 
may  be  changed  by  changing  the  rectifier  to  contact  to  only  one  alterna- 
tion per  cycle  without  any  loss  in  precipitation  in  the  treater. 

The  disturbance  manifest  in  the  high-potential  transformer  circuit 
should  not  be  confused  with  the  treater  surges  that  are  manifest  in 
sparking  across  between  electrodes,  although  the  latter  often  set  up 
oscillations  that  cause  surges  in  the  former.  The  treater  surges  are 
said  to  have  their  origin  in  the  trailing  arc  of  the  rectifier.  At  any 
rate,  they  are  especially  prevalent  if  the  time  of  rectifier  contact  is 
carried  into  the  neutral  part  of  the  wave.  A  very  common  cause  is  the 
deposition  of  a  dry  dust  coating  on  the  surface  of  the  passive  electrode. 
The  sparks  that  jump  across  have  all  the  characteristics  of  a  condenser 
discharge  and  it  is  undoubtedly  a  case  of  disrupted  dielectric  due  to 
being  overcharged.  It  disappears  as  soon  as  the  dielectric  strength  of 
the  coating  is  destroyed. 

A  matter  of  considerable  importance  is  that  of  conditioning  the 
dust  particle  to  assimilate  a  charge.  This  is  usually  done  by  introduc- 
ing water  into  the  gas  by  means  of  sprays.  This  does  not  necessarily 
increase  the  conductivity  of  the  treater  circuit  in  the  usual  sense  for, 
at  a  number  of  plants  when  water  is  introduced  into  a  dry  gas  below  the 
boiling  point  of  water,  the  treater  current  is  greatly  reduced,  with  a 
corresponding  increase  in  the  treater  potential  and  a  much  improved  pre- 
cipitation. This  is  especially  noticed  as  the  relative  humidity  of  the 
gas  is  increased  through  the  range  of  30  to  50  per  cent.  It 
appears  that  a  conductive  coating  has  been  imparted  to  the  dust  particle, 
putting  it  in  a  condition  to  receive  a  charge,  for  previous  to  the  admission 
of  water  the  dust  particles  pass  through  the  strong  electric  field  of  the 
treater  unaffected,  although  the  molecules  of  the  gas  are  highly  ionized. 
It  would  be  interesting  to  know  if  the  ionization  that  is  known  to  accom- 
pany water  spray  enters  in  and  if  the  agglomeration  of  the  dust  particles 
assists  the  precipitation. 

The  discussion  of  the  paper  has  seemed  to  establish  the  fact  that 
the  mere  presence  of  the  water  vapor  is  necessary  without  determining 
a  reason.  The  theory  of  water  being  taken  up  by  the  particle  was 
set  aside  on  the  assumption  or  statement  that  no  more  water  was  precipi- 
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tated  with  the  dust  after  the  gas  had  been  humidified  than  before. 
The  writer  does  not  concur  in  this  assumption,  for  in  his  experience  the 
dust  precipitated  becomes  damper  with  increased  relative  humidity  of 
the  gas,  until  it  becomes  a  mud  above  70  or  80  per  cent,  relative 
humidity,  in  some  cases.  Some  of  this  water  may  have  been  due  to  the 
fact  that  the  passive  electrode  was  cooler  than  the  gas,  making  a  super- 
saturated stratum  adjacent  to  it,  but  in  a  number  of  cases  the  temperature 
of  this  electrode  was  such  that  no  water  could  be  condensed  on  it  except 
by  siuface  adsorption.  In  the  very  nature  of  things  the  dust  particle 
must  take  up  water  from  the  aqueous  vapor.  By  the  well-known  select- 
tive  adsorption  theory,  aqueous  vapor  is  known  to  be  taken  up  by  the 
surface  of  solids  in  preference  to  other  gases,  such  as  nitrogen  and  oxygen, 
and  it  is  also  well  known  that  films  of  adsorbed  moisture  persist  on  the 
surface  of  solids  at  temperatures  far  above  the  boiling  point.  It  is 
only  necessary  to  cite  the  early  work  of  Bunsen  in  his  effort  to  remove 
the  last  traces  of  moisture  from  powdered  glass  or  the  exterior  of  glass 
tubes. 

In  regard  to  the  theory  of  back  ionization  that  has  been  advanced 
in  the  discussion,  it  is  understood,  by  the  writer,  that  if  a  dry  dust  coat 
covers  the  passive  electrode  there  is  a  luminous  glow  reaching  toward  the 
active  electrode,  which  results  in  reducing  the  gap  in  proportion  to 
the  length  of  the  glow  and  this  effect  disappears  as  soon  as  the  dielec- 
tric strength  of  the  coating  is  destroyed  by  moisture.  It  seems  that 
the  glow  is  due  to  the  fact  that  the  dust  particles  forming  the  inner  coat- 
ing have  not  been  able  to  give  up  their  charge  to  the  electrodes,  and  cause 
an  electric  field  in  opposition  to  the  field  due  to  the  electrodes  until  they 
are  made  conductive  and  can  give  up  their  charge.  This  is  a  very  promis- 
ing theory  and  accounts  for  the  fact  that  at  a  certain  plant  only  16  kv. 
can  be  maintained  with  an  electrode  spacing  of  6  in.  when  the  gas  is  dry, 
whereas  a  potential  of  25  kv.  or  over  can  be  maintained  after  the  gas  has 
been  sufficiently  humidified.  It  may  also  accoimt  for  the  automatic 
change  in  ratio  between  the  transformer  voltage  and  the  voltage  impressed 
on  the  treater  when  the  change  in  the  relative  humidity  of  the  gas  occurs. 
It  seems,  however,  that  the  phenomena  of  the  glow  can  be  accounted  for 
sufficiently  by  the  theory  of  the  overcharged  gaseous  dielectric  of  a 
condenser,  advanced  above. 

A  conmion  fallacy  is  the  assumption  that  most  of  the  dust  has  a  tend- 
ency to  migrate  to  the  passive  electrode  where  the  electric  field  is 
weakest.  Experiments  have  convinced  the  writer  that  more  dust  is 
collected  on  the  passive  electrode  because  its  greater  surface  aflfords  a 
larger  place  for  the  particles  to  lodge  and,  speaking  in  terms  of  unit  area, 
the  tendency  is  really  to  go  to  the  active  electrode  where  the  electric 
field  is  strongest,  in.  spite  of  the  electric  wind  in  the  opposite  direction. 

The  writer  does  not  share  Mr.  Eschholz's  enthusiasm  over  the  inter- 
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mittent  contact  rectifier  commonly  used.  It  has  a  very  poor  regulation 
under  varying  conditions  of  the  gas  in  the  treater  and  many  oscillograms 
show  that  the  treater  voltage  often  falls  to  one-half  its  maximum  value 
between  impulses.  The  rectifier  does  have  the  advantage  of  ruggedness 
and  comparatively  low  first  cost. 

For  the  betterment  of  the  process  there  is  need  of  securing  increased 
agglomeration  of  f ume^  a  potential  gradient  best  suited  for  ionization  for 
an  efficient  charging  of  the  dust  particles,  and  a  decrease  in  the  cost  of 
the  treaters. 


The  Metallography  of  Tungsten 

Diflcusaon  of  the  paper  of  Zat  Jeffbies,  presented  at  the  Colorado  and  Milwaukee 
meetingB,  September  and  October,  1918,  and  printed  in  Bulletin  No.  138,  June, 
1918,  p.  1037. 

Zat  Jeffries  (author's  reply  to  discussion*). — Messrs.  Merica's 
and  Humfrey's  criticisms  of  some  of  my  conclusions  are  rendered  in  the 
true  scientific  spirit  by  means  of  which  differences  of  opinion  are  grad- 
ually smoothed  out  and  all  participants  are  benefited.  It  is  true  that  the 
statement  of  generalizations  on  such  a  complex  subject  is  hazardous^  but 
I  shall  endeavor  to  point  out  the  explanations  for  the  discrepancies 
noted.  Owing  to  the  fact  that  I  am  now  submitting  a  long  paper  on 
the  same  general  subject  to  the  Institute,  my  present  remarks  will  be 
brief. 

Dr.  Merica's  Assumptions^ 

I  agree  with  No.  1  and  No.  2,  with  the  modification  that  the  A 
(amorphous)  metal  between  grains  of  annealed  metal  has  substantially 
the  same  properties  as  that  at  slip  planes  in  deformed  metal,  but  the 
two  have  different  arrangements  with  reference  to  C  (crystalline)  metal 
and  they  may  be  in  different  conditions  as  regards  internal  stress,  thick- 
ness, and  nature  of  contact  with  C  metal. 

Assumption  3. — I  believe  Fig.  1  is  wrong.  I  know  of  no  evidence  to 
substantiate  the  curves.  I  believe  €c  (elongation  of  C  phase)  =  0 
(approximately)  at  all  temperatures  and  €^  (elongation  of  A  phase)  has 
finite  values  at  elevated  temperatures  only;  but  these  play.no  important 
direct  role  in  the  ordinary  deformation  of  metals  at  low  temperatures. 
I  believe  Ec  (elastic  limit  of  C  phase)  =  Tc  (tensile  strength  of  C  phase) 
because  as  soon  as  C  metal  begins  to  deform  permanently  it  would 
rupture  were  it  not  for  the  A  metal  generated  by  its  breakdown.  We 
know  that  Ec  =  Tc  in  brittle  crystals  and  a  crystal  cannot  be  perma- 
nently deformed  without  generation  of  A  metal.     Therefore  Dr.  Merica's 
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Tci  in  reality,  equals  r(^  +  c).  Also  Ex—  Ta  for  all  practical  purposes, 
because  when  A  metal  permanently  deforms  no  new  stronger  phase  is 
formed  and  hence  any  unit  load  which  will  permanently  deform  it  will 
eventually  break  it.  If  the  above  is  true,  Dr.  Merica's  Fig.  2  is  wrong, 
there  being  but  one  set  of  curves  for  Ea  and  Ec  which  correspond  to 
my  Plate  3*.  The  duration  of  load  is  very  important  in  A  metal.  The 
above  reasoning  should  also  be  applied  to  assumptions  4  and  6. 

Assumption  8b. — I  beUeve  this  is  not  warranted  from  the  evidence 
at  hand  and  may  lead  to  wrong  conclusions. 

Assumption  9. — I  should  like  to  add  a  fourth  potential  path  of  rup- 
ture, namely,  at  the  contact  between  A  and  C  metals. 

Dr.  Merica's  Conclusions 

(a)  I  have  concluded,  after  examining  considerable  evidence,  that 
at  room  temperature  and  lower,  in  equiaxed  tungsten,  there  is  internal 
stress  between  A  and  C  metals,  probably  due  to  diflferences  in  their 
coefficients  of  thermal  expansion.  Call  this  internal  stress  IS  and  Dr. 
Merica's  Ta<Ec  becomes  Ta,  or  Ea  —  IS<Ec.  My  ECb  (equicohesive 
temperature  for  elastic  limit)  is  not  as  Dr.  Merica  states;  it  is  the  tem- 
perature at  which  mixtures  of  A  and  C  metals  have  the  same  resistance 
to  deformation  regardless  of  the  initial  quantity  of  A  metal  present. 
Obviously,  when  C  metal  or  a  mixture  of  A  and  C  metals  is  deformed  by 
Brinell  impression,  A  metal  is  generated.  If  the  total  load  is  kept  con- 
stant, the  deformation  gradually  increases  the  area  of  contact  of  the 
ball  and  decreases  the  unit  load  until  a  point  is  reached  at  which  sub- 
stantially no  further  deformation  takes  place;  this  measures  the  re- 
sistance to  deformation  of  mixtures  of  A  and  C  metals.  The  same  is 
true  of  my  hairpin  tests;  the  deformation  caused  a  lessening  of  the  load 
by  shortening  the  lever  arm.  In  all  cases  the  deformation  was  caused^ 
to  my  mind,  largely  by  the  movement  at  the  slip  planes  and  slightly, 
and  more  particularly  at  the  higher  temperatures,  by  actual  deformation 
of  A  metal. 

(6)  Dr.  Merica's  condition  for  the  increase  in  ductility  at  lowered 
temperatures  is  that  the  quantity  {Ta  —  Ec)  must  increase  with  decrease 
in  temperature.  In  view  of  the  assumption  that  Ta  =  Ea,  Dr.  Merica's 
condition  is  identical  with  mine.  It  seems  to  me  that  increase  in  ductility 
of  a  deformed  metal  by  lowering  the  temperature  has  no  relation  to 
rupture  at  grain  boundaries;  the  former  holds  for  the  range  from  highest 
temperature  down  to  that  of  maximum  ductility  and  the  latter  takes 
place  only  when  the  internal  stresses  between  A  and  C  metals  exceed  a 
certain  amount.     Briefly,  the  cohesion  of  A  and  C  metals,  the  quantity 
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and  arrangement  of  the  A  metal  and  time  of  rupture  (whether  simul- 
taneous or  gradual)  and  rate  of  loading  (especially  at  high  temperatures) 
will  determine  the  breaking  load  at  a  given  temperature  in  the  ductile 
temperature  range.  With  other  conditions  constant,  the  breaking  load 
will  increase  with  decrease  in  temperature  proportional  to  the  cohesion 
of  A  metal.  But  with  decrease  in  temperatiu'e  the  elastic  limit  of  the 
deformed  grains,  which  consist  of  A  and  C  metals,  must  increase  less 
than  the  elastic  limit  of  A  metal  and  more  than  the  elastic  limit  of  C 
metal.  Hence  the  breaking  load  increases  faster  than  the  elastic  limit  of 
deformed  grains  and  ductility  must  increase  with  decrease  in  temperature, 
(c)  Again  Dr.  Merica's  discrepancy  is  explained  by  the  existence  of 
internal  stress  between  A  and  C  metals.  It  seems  to  me  that  Dr.  Merica 
has  unnecessarily  complicated  this  subject  by  the  assumption  that  the 
tensile  strengths  and  elastic  limits  are  not  equal.  With  my  assump- 
tions, Ea  is  the  average  elastic  limit  of  C  metal  in  all  directions  and  Ea 
is  greatly  affected  by  the  duration  of  the  load,  Dr.  Merica's  Fig.  2  as- 
sumes that  Ta  =  Ea  at  the  melting  point.  We  are  all  familiar  with  the 
brittleness  of  amorphous  substances  at  very  low  temperatures,  which 
means  that  at  these  temperatures  Ta  =  Ea  also.  According  to  Fig.  2, 
Ea  and  Ta  become  farther  apart  as  the  temperature  decreases  and  hence 
could  never  intersect.  Also,  Dr.  Merica's  Tc  and  Ec  curves  cannot 
intersect  at  low  temperatures,  yet  we  know  at  these  temperatures  they 
are  equal.     The  obvious  conclusion  is  that  Ta  =  Ea  and  Tc  =  Ea- 

Reply  to  Mr,  Humfrey 

Mr.  Humfrey  first  gives  his  conception  of  the  quantity  and  arrange- 
ment of  the  A  metal  and  states  that  I  consider  the  amorphous  cement 
as  occupying  a  volume  in  the  mass  comparable  with  that  of  the  crystals. 
My  opinions  on  this  subject  coincide  in  the  main  with  Mr.  Humfrey's, 
and  I  have  so  stated  in  reference  34. 

My  previous  remarks  on  internal  stresses  between  A  and  C  metals  at 
low  temperature  apply  to  Mr.  Humfrey's  suggestions  as  to  the  nature  of 
intercrystalline  cohesion.  He  makes  one  statement,  however,  which, 
on  its  face,  seems  to  be  a  contradiction  to  the  whole  hypothesis;  namely, 
that  if  the  A  metal  at  the  grain  boundaries  gives  way  for  any  cause  at  a 
load  lower  than  the  elastic  limit  of  the  C  metal,  the  A  metal  at  the  slip 
planes  in  the  deformed  grains  should  do  the  same.  It  is  a  fact — and 
this  will  be  discussed  fully  in  my  next  paper — that  the  A  metal  at  the 
slip  planes  does  produce  brittleness  and,  eventually,  weakness  in  the  de- 
formed grains,  but  the  eflfect  of  the  deformation  is  to  lower  the  tem- 
perature at  which  this  brittleness  and  weakness  first  appear  on  cooling. 
The  intercrystalline  fracture  occurs  in  recrystallized  tungsten  at  200°  C. 
and  lower.    Below  room  temperature,  equiaxed  tungsten  becomes  weaker 
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with  decreasing  temperature;  also,  severely  worked  tungsten  is  weaker 
in  liquid  air  than  it  is  at  room  temperature,  and  it  is  also  brittle.  The 
above  indicates  that  either  the  path  of  rupture  along  the  amorphous 
slip  planes  in  deformed  grains  is  greater  than  at  grain  boundaries  in 
equiaxed  tungsten,  or  that  the  A  metal  in  deformed  grains  which  has 
been  generated  at  a  comparatively  low  temperature  must  be  cooled  to  a 
lower  temperature  than  that  at  the  grain  boundaries  to  produce  a  given 
amount  of  internal  stress  between  A  and  C  metals. 

Mr.-  Humfrey's  belief  that  future  researches  will  find  a  method  of 
preparing  metallic  tungsten  which  will  be  free  from  intercrystalline  weak- 
ness has  been  shared  by  many  workers  on  tungsten.    Although  recognis- 
ing that  such  a  thing  may  be  possible,  I  am  of  the  opinion  that  fine- 
grained equiaxed  timgsten  will  never  be  produced  in  such  a  form  that  it 
will  be  ductile  at  ordinary  temperatures  Uke  other  metals.    Lamp  fila- 
ments recrystallized  in  a  vacumn  and  heated  at  high  temperatures  for 
over  1000  hr.  are  not  ductile  at  ordinary  temperature  unless  a  single 
grain  occupies  the  whole  cross-section  of  the  filament  for  a  considerable 
length,  or  the  grains  are  greatly  elongated,  as  indicated  in  Fig.  49.    Tung- 
sten rods  composed  of  large  grains  can  be  worked  and  recr3rstallized  in 
such  a  manner  that  each  large  grain  gives  birth  to  many  small  equiaxed 
grains  which  show  intercrystalline  fracture  at  room  temperature.     If  we 
assume  that  the  original  large  grain  should  have  concentrated  its  impuri- 
ties at  its  own  boimdary,  the  small  grains  produced  from  it  should  be 
cemented  together  with  substantially  pure  A  metal.    Again,  the  A  metal 
at  the  sUp  planes  in  deformed  tungsten  grains  behaves  like  the  intercrys- 
talline material  when  a  sufficiently  low  temperature  is  reached. 

I  am  unable  to  foUow  Mr.  Humfrey's  reasoning  with  reference  to  the 
increase  in  ductility  in  a  strain  hardened  metal  with  decrease  in  tempera^ 
ture.  It  is  true  that  an  increased  tenacity  due  to  release  of  strains  in- 
creases ductiUty  at  a  given  temperature,  but  when  the  increased  tenacity 
is  gained  by  lowering  the  temperature,  it  must  be  remembered  that  the 
resistance  to  deformation  increases  also.  What  makes  the  tenacity  in- 
crease faster  than  the  resistance  to  deformation,  Mr.  Humfrey's  explana- 
tion does  not  say.  My  contention  that  in  ductile  metals  the  amorphous 
metal  controls  the  tenacity  and  that  its  cohesion  increases  with  decrease 
in  temperature  faster  than  the  crystalline  metal,  satisfies  the  above  con- 
ditions, it  seems  to  me,  and  furthermore,  this  generality  holds  for  all 
metals. 


LOW-TEMPERATURE  DI8TILLATI0K  OF  COALS  1783 


Pure  Carbon-free  Manganese  and  Manganese-copper 

Disciisaion  of  the  paper  of  Arthur  Braid,  presented  at  the  Milwaukee  meetingi 
October,  1918,  and  printed  in  BtUUHn  143,  November,  1918,  p.  1637. 

W.  B.  Price,*  Waterbury,  Conn,  (written  discussion f). — It  has  been 
our  experience,  especially  in  cupro-nickel,  that  manganese  has  been  very 
beneficial,  not  only,  as  stated  by  Mr.  Braid,  in  removing  sulfur,  but  also 
for  its  property  of  reducing  oxides,  thus  making  the  metal  more  fluid, 
and  enabling  it  to  be  poured  at  a  lower  temperature;  this,  in  turn,  pre- 
vents softening  of  the  graphite  pots  and  the  absorption  of  carbon.  It 
also  acts  very  effectively  in  keeping  the  carbon  in  solution  in  the  cupro- 
nickel,  in  the  combined  form.  However,  in  the  case  of  cupro-nickel,  to 
obtain  all  these  benefits  it  has  been  found  necessary  to  keep  the  manganese 
content  as  near  0.25  per  cent,  as  possible. 

Manganese  also  is  very  effective  in  diminishing  the  amount  of  blisters 
ia  cupro-nickel.  So  far  as  I  am  aware,  both  from  personal  experience 
and  from  the  experience  of  others  who  have  been  engaged  in  the  manu- 
facture of  nickel-silver  and  cupro-nickel,  manganese  used  either  in  the 
form  of  pure  metal  or  as  manganese-copper  alloy  (30  Mn,  70  Cu)  gives 
better  results  than  any  other  flux.  While  this  may  seem  a  strong  state- 
ment, manganese  is  the  natural  flux  for  nickel-silver  and  cupro-nickel. 


Low-temperatore  Distillation  of  Illinois  and  Indiana  Coals 

Discussion  of  the  paper  of  G.  W.  Traer,  presented  at  the  Milwaukee  meeting,  October, 
1918,  and  printed  in  Bulletin  No.  141,  September,  1918,  p.  1463. 

C.  M.  Garland,  §  Chicago,  HI.  Cwritten  discussion ||). — In  the  devel- 
opment of  Mr.  Traer's  method  for  the  low-temperature  coking  of  Illinois 
coals,  after  the  principles  laid  down  by  Prof.  Parr,  it  was  soon  demon- 
strated that,  in  order  to  yield  a  product  of  uniform  volatile  content,  the 
coal  must  be  coked  in  thin  layers,  and  consequently  must  be  handled  in 
comparatively  small  volumes.  This  means,  in  the  first  place,  that  great 
care  must  be  observed  in  the  design  of  the  coking  chambers  to  prevent 
the  loss  of  the  products  of  r  distillation,  and,  in  the  second  place, 
that  labor-saving  devices  must  be  utilized  to  the  greatest  possible  extent 
in  order  to  reduce  the  cost  of  handling. 
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There  is,  however,  one  advantage  in  the  coking  of  the  material  in 
small  volumes,  and  that  is  the  decrease  in  the  time  required  for  coking. 
Notwithstanding  that  the  temperatures  used  are  in  the  neighborhood  of 
1000°  F.  (638**  C),  it  would  be  safe  to  predict  that  the  coking  time  will 
ultimately  be  reduced  to  3  or  4  hours. 

In  Mr.  Traer's  process  of  carrjdng  out  low-temperature  distillation, 
considerable  attention  has  been  given  to  the  matter  of  gas-tight  retorts 
for  the  distillation;  the  use  of  low  temperatures  has  made  possible  the 
employment  of  cast-iron  retorts,  which  can  be  made  practically  gas  tight, 
thereby  reducing  the  loss  of  distillate  to  a  negUgible  amount. 

The  reduction  of  the  labor  item  has  been  accomplished  by  the  devel-. 
opment  of  a  system  for  the  handling  of  the  retorts  and  containers,  in- 
volving electrically  operated  pushers  and  pullers  for  the  moving  of  the 
containers  in  the  retorts,  and  hydraulically  operated  doors  for  the  quick 
opening  and  closing  of  the  retorts. 

The  retorts,  which  may  be  made  of  any  practical  length  from  50  to 
150  ft.  (15  to  45  m.)  are  operated  in  pairs,  the  containers  traveling  in 
opposite  directions  in  the  two  retorts  of  each  pair.  A  container  dis- 
charged from  one  retort  is  unloaded  onto  a  conveyor,  and  is  then  refilled 
and  charged  into  the  next  retort  of  the  pair.  By  this  arrangement  almost 
as  much  coke  can  be  handled  per  man  as  in  the  high-temperature  process. 

In  caUing  attention  to  this  phase  of  the  process,  it  should  be  pointed 
out  that  coke  is  formed  in  containers  having  a  capacity  of  approximately 
1500  lb.  (680  kg.)  of  coal.  The  coke  is  formed  in  slabs  approximately 
6  ft.  (1.8  m.)  long,  1  ft.  (0.3  m.)  broad,  and  4  in.  (10  cm.)  thick.  Since 
the  material  is  handled  in  units  of  1500  lb.,  the  process  does  not  compare 
in  any  way  with  the  briquetting  process  in  which  the  cost  of  handling, 
due  largely  to  the  small  unit  volume,  has  been  all  but  prohibitive  under 
the  conditions  existing  in  this  country.  Due  to  the  comparatively  low 
cost  of  handling  the  material,  as  developed  for  this  process,  and  to  the 
high  value  of  the  byproducts,  the  erection  of  plants  having  a  capacity  as 
low  as  125  tons  of  coal  per  24  hr.  should  be  profitable.  From  plants 
having  a  capacity  of  300  tons  of  coal  per  24  hr.  an  excellent  return  is 
assured. 

Carl  Scholz,*  Chicago,  111.  (written  discussionf). — Mr.  Traer's 
paper  on  low-temperature  distillation  of  coals  is  particularly  timely,  be- 
cause it  deals  with  two  phases  of  special  interest  to  coal  miners  and  coal 
consumers. 

The  action  of  the  Fuel  Administration  in  prohibiting  the  shipment  of 
Eastern  coals  to  the  Western  markpts  presents  a  problem  to  the  coal 
producers  of  the  Central  West,  to  prepare  their  fuel  in  such  manner  as  to 
make  it  compete  with  the  Eastern  high-grade  bituminous  and  anthracite 
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coals.  This  matter  has  had  the  serious  consideration  of  many  engineers 
for  a  number  of  years,  but  the  low  ebb  of  the  coal  industry  has  made 
investments,  even  in  experimental  plants,  an  impossibility,  and  it  is  only 
in  the  last  2  or  3  years  that  some  of  the  Western  carriers  have  been 
willing  to  aid  in  the  development  of  the  tests  conducted  by  Mr.  Traer. 

The  writer's  interest  in  the  low-temperature  distillation  of  coal  dates 
back  to  some  experiments  conducted  in  the  Kanawha  District  of  West 
Virginia  by  the  process  known  as  ''Charite,"  which  is  nothing  more  than 
the  burning  of  egg  coal  in  long  low  piles,  covered  with  slack  or  coke 
breeze  to  prevent  contact  with  the  atmosphere,  thus  driving  off  the 
higher  volatile  gases  without  fusing  the  coal.  Later  on,  the  question  of 
a  continuous  coking  process  was  investigated,  in  connection  with  L.  L. 
Summers,  which  resulted  in  the  construction  of  an  experimental  plant 
at  Haney,  111.;  here  some  interesting  observations  were  made,  the  most 
important  of  which  was  the  fact  that  nearly  all  of  the  Illinois  coals  would 
coke  if  finely  ground  and  coked  under  compression. 

Since  the  beginning  of  the  war  in  1914,  the  demand  for  bjrproducts  has 
been  revived,  and  the  writer  recognizes  the  need  for  comprehensive  and 
extensive  study  of  this  problem  because  of  the  increased  opportunities  to 
market  byproducts  at  higher  prices  than  were  ever  dreamed  of  before, 
and  the  need  for  replacing  Eastern  coals,  which  were  required  for  other 
purposes.  The  transportation  of  West  Virginia  coals  to  the  West  by  rail 
has  always  been  an  uneconomic  procedure,  which  was  emphasized  by  the 
car  shortage  and  the  need  of  railway  facilities  for  war  purposes.  With 
this  in  view,  the  tests  conducted  by  Mr.  Traer  were  very  carefully 
followed. 

It  is  only  in  recent  years  that  hard  coke  has  been  used  for  domestic 
purposes,  due  to  the  difficulties  in  obtaining  sufficient  draft  under  ordi- 
nary conditions.  The  coke  produced  by  the  low-temperature  process 
overcomes  all  of  these  difficulties;  and,  aside  from  possessing  all  of  the 
advantages  of  the  best  domestic  coals,  this  fuel  will  store  for  an  indefinite 
period  without  any  deterioration  or  slacking.  Undoubtedly,  when  it 
becomes  a  commercial  commodity,  many  new  uses  will  be  found  for  it. 


Notes  on  Certain  Iron-ore  Resources  of  the  World 

Discufldon  of  the  symposium  on  this  subject,  originally  conducted  by  the  New  York 
Section,  May  23,  1918,  presented  as  a  paper  at  the  Milwaukee  meeting,  October, 
1918,  and  printed  in  Bulletin  141,  September,  1918,  pp.  1471  to  1496. 

The  Chairman  (J.  W.  Richards,  South  Bethlehem,  Pa.) — The  first 
point  on  which  I  wish  to  speak  is  that  sufficient  attention  has  not  been 
given  to  the  quality  of  the  ores,  in  estimating  the  reserves.  I  made  this 
same  criticism  of  the  work  on  the  iron-ore  resources  of  the  world  issued  by 
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the  XI  International  Geological  Congress.  They  listed  only  the  ores 
having  present  metallurgical  value  and  left  out  of  consideration  all  others. 

However,  since  metallurgical  practice  is  steadily  improving,  the  worth- 
less ores  of  today  graduaUy  become  the  commercial  ores  of  tomorrow; 
hence  an  estimate  to  the  effect  that  we  shall  run  out  of  good  iron  ore 
inside  of  50  years,  if  the  present  rate  of  consimiption  is  maintained, 
is  of  small  interest  to  the  metallurgical  industry.  The  world  will  never 
run  short  of  ores  for  producing  iron,  although  it  may  reach  the  end  of  the 
rich  ores  such  as  we  now  think  we  cannot  get  along  without. 

The  second  point  is  that,  while  the  world  will  never  be  without 
iron  ore,  we  cannot  get  iron  out  of  its  ore  without  fuel;  hence  the  supply 
of  fuel  becomes-the  controlling  factor.  For  this  reason,  at  the  XI  Inter- 
national Geological  Congress,  as  a  companion  to  the  magnificent  work 
on  iron-ore  resources,  I  proposed  that  a  similar  volmne  on  the  coal  re- 
sources of  the  world  should  be  compiled.  I  did  not  realize  at  the  time 
that  I  was  unwittingly  promoting  the  designs  of  the  military  Junkers. 
Those  countries  which  have  the  supply  of  fuel  will  control  the  production 
of  iron.  The  supply  of  iron  ore  is  practically  unlimited,  compared  with 
the  supply  of  fuel  by  which  it  must  be  smelted. 
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This  department  is  devoted  to  material  concerning  the  products  or  operations 
of  manufacturers,  which,  in  the  estimation  of  the  Editor,  is  of  news  value  to  the 
mining  and  metallurgical  field,  but  does  not  come  within  the  scope  of  the  main 
editonal  section  of  the  Bulletin. 

Manufacturers  are  invited  to  submit  to  the  Editor  items  descriptive  of  new 
equipment  or  processes,  large  or  significant  installations,  and  similar  material 
of  news  character.  If  found  available,  items  thus  furnished  will  be  published  in 
thia  section  without  charge,  subject  to  such  editorial  revision  and  condensation 
as  may  he  necessary. 

In  cases  where  illustrations  are  required,  cuts  of  the  proper  size  should 
accompany  the  text  matter. 


L  O.  C.  TYPE  4-1000  UNIT  OXY-HYDROGEN  GENERATOR 

High-purity  gases,  because  of  their  unquestionably  higher  efficiency,  should 
command  a  higher  price  than  is  charged  oy  a  commercial  gas  plant  marketing 
its  i)roduct  to  users.  If  these  high-purity  gases  can  be  produced  at  low  cost,  a 
maximum  profit  wiU  ensue.  Even  where  the  selling  price  must  compete  with 
that  of  low-purity  gases,  a  minimum  production  cost  will  still  make  the  profit 
larger.  Users  of  large  quantities  of  gas,  whether  their  demand  be  steady  or 
intermittent,  will  find  the  best  economy  in  the  ownership  of  a  proper  gas-gener- 
ating plant,  operated  under  their  own  control  and  for  their  own  purposes  only. 
Certain  extra  expenses  are  inseparably  associated  with  the  use  of  gases  purchased 
in  cylinders.  Tnese  are:  the  freight  charges  on  filled  and  empty  cylinders;  the 
cost  of  handling  the  cylinders;  delays  in  delivery  of  cylinders  due  to  freight 
congestion  or  other  causes,  the  loss  in  this  respect  alone  often  being  sufficient 
to  pay  for  a  generating  plant;  loss  of  gas  due  to  leaking  valves  or  breakage  of 
valves  in  transit  or  in  handling.  These  extra  costs,  aggregated  through  a  year 
and  divided  by  the  total  volume  of  gas  used,  will  bring  the  cost  per  cubic  foot 
up  to  a  figure  which  is  anything  but  economical. 

With  a  private  gas  plant,  gas  is  alwa3rs  available  in  ample  quantities;  it  is 
piped  direct  to  the  point  of  application;  no  cylinders  are  needed.  The  I.  O.  C. 
type  4-1000  unit  oxy-hydrogen  generator  is  an  improved  electrolytic  generator  of 
unit  or  single  cell  type  which,  by  its  performance,  has  set  a  new  standard  of 
economy  in  oxjr-hydrogen  production.  While  radically  new  in  mechanical  de- 
sign, it  embodies  no  new  principles  and  is  in  no  sense  experimental.  It  is  a 
development  or  refinement  of  earlier  I.  0.  C.  unit  generators.  The  International 
Oxygen  Co.,  of  New  York  City,  is  the  pioneer  in  the  electrolytic  generation  of 
oxygen  and  hydrogen  in  America.  In  1910,  it  introduced  the  first  commercial 
electrolytic  generator — a  unit  or  cell  type  made  under  European  patents.  Since 
that  time,  the  history  of  1. 0.  C.  generators  has  been  one  of  progressive  refinement 
of  type,  toward  simpler  mechanical  and  electricsd  design,  greater  operating  econ- 
omy, and  higher  purity  of  gases.  Also,  the  development  of  I.  0.  C.  generators 
has  brought  about  a  price  reduction,  until  today  the  new  type  4-1000  generator 
marks  a  new  low  level  in  selling  price  of  high-duty  apparatus. 

The  term  "unit"  as  applied  to  the  type  4-1000  generator,  means  that  each 
generator  is  self-contained  or  complete  in  itself,  capable  of  generating  pure 
oxygen  and  pure  hydrogen  at  a  rate  determined  by  the  amperage  of  the  electric 
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current. supplied.  Each  unit  requirea  a  floor  space  of  4  in.  by  40  in.,  or  about 
the  equivalent  of  a  square  foot,  and  with  necessary  pipe  connections,  needs  head- 
room or  height  of  about  6  ft.  With  this  unit  as  a  basis,  expansion  of  plant  and 
increase  of  capacity  become  simply  a  matter  of  adding  units  as  needed  to  give 
the  generating  capacity  sought.  No  oxy-hydrogen  generator  made  has  so  large 
a  generating  capacity  per  unit  of  floor  space  required.  At  normal  rating  of  600 
amp.,  the  production  per  24  hr.  is,  conservatively,  105  cu.  ft.  of  oxygen  and  210 
cu.  ft.  of  hydrogen  per  square  foot  of  floor  area.  At  1000  amp.,  the  production 
per  square  foot  of  floor  area  per  24  hr.  is  practically  175  cu.  ft.  of  oxygen  and  350 
cu.  ft.  of  hydrogen. 

TRADB  CATALOGS 

(Under  this  heading  will  be  listed  such  catalogs  or  other  adver- 
tising literature  as  may  be  received  during  the  preceding  month. 
Contributors  should  address  their  material  to  Engineering 
Societies'  Library,  29  West  39th  St.,  New  York.) 

General  Electric  Co.    Schenectady,  N.  Y. 

Bulletin  No.  47131.  Standard  unit  alternating-current  switchboard  panels 
for  general  use  in  small  central  stations  and  isolated  plants  240  and  4S0 
volts.     1918. 

No.  47133.    Standard  unit  alternating-current  switchboard  panels 

for  general  use  in  isolated  and  small  plants  480  and  600  volts.    1918. 

No.  47135-A.    Standard  unit  alternating-current  switchboard  pands 

for  general  use  in  isolated  and  small  plants  1150  and  2300  volts.     1918. 

No.  40017.   Small  direct-current  generators,  type  ML.  August,  1918. 

No.  47702.    Rheostat  and  compensator  operating  mechanisms. 

August,  1918. 

General  Electric  Co.,  Ivanhoe  Regent  Works.  Cleveland,  Ohio.  Catalog 
No.  276.  Ivanhoe  metal  reflectors  and  fittings  for  industrial  illumination. 
1918. 

Harrison  Sapbtt  Boiler  Works,  Philadelphia,  Pa. 

Catalog  No.  550.    Cochrane  steam  and  oil  separators. 

No.  710.    Cochrane  heaters  for  steam  power  plants. 

Engineering  Leaflet  No.  18.  Testing  V-notch  meters.  Cochrane  exhaust 
steam-heating  encyclopedia.     1914. 

jEFFREt  Mfg.  Co.    Columbus,  Ohio. 

Catalog  No.  175.    Jeffrey  standard  belt  conveyors. 

Richardson  Scale  Co.  Passaic,  N.  J.  Descriptive  booklet  describing  Richard- 
son automatic  scales  for  pulverized  coal. 

Stephens-Adaaison  Mfg.  Co.    Aurora,  111.    The  Labor  Saver.    October,  1918. 

Yarnall  Waring  Co.  Philadelphia,  Pa.  Engineering  devices  for  the  po^wer 
plant.     Descriptive  booklet. 


The  reserves  of  manganese  ore  in  Oriente  Province,  Cuba,  are  estimated  at 
700,000  to  800,000  tons,  more  than  85  per  cent,  of  which  are  in  the  district  north- 
east of  Santiago.  The  reserves  of  marketable  chrome  ore  in  Cuba  range  from 
92,500  long  tons  to  170,000  long  tons. 
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The  Engineering  Societies  library  is  prepared  to  supply  the  original,  or  a  copy, 
translation,  or  abstract  of  any  paper  mentioned  in  the  following  index,  at  the  following 
rates: 

Translations,  per  1000  words:  German  or  FVench,  $3.50;  other  languages, 

$4.50  ana  upward,  by  arrangement. 
Copies  of  articles,  maps,  drawings,  etc. 

Photoprints,  10  by  14  in.,  per  sheet $0.20 

Typewritten,  pear  1000  words 1 .00 

Bibliographic  searchizig.  abstracting,  etc.,  per  hour $1 .50 

Original  article,  publisher's  price,  plus  postage.    Orders  for  periodicals 
will  be  forwarded  to  the  pubusners,  and  bill  will  be  mailea  from  the 
Library. 
Address  communications  relating  to  the  Index  to  Engineering  Societies  libraiy, 
29  West  30th  Street,  New  York. 

In  the  following  Index,  volume  numbers  are  given  in  heavy-faced  figures,  pago 
numbers  in -light-faced  figures. 
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Mineral  Resources (6) 

Mining  Geology  and  Mining  Practice (8) 

Ore-dressinff  and  Preparation  of  Coal (12) 

Coal  and  Coke (12) 

Petroleum  and  Gas (14) 
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MINERAL  RESOURCES 

(ExoQpt  Petroleum  luid  Gae.    See  alao  Mining 
Geology  and  Mining  Practice.) 

ALASKA,  Skagit  river,  New  development*.  Alaa, 
NcrthwTMin.  Jnl.  (Sept.,  1918)  IS,  49-61. 

ARIZONA,  Jerome  District  of.  J.  R.  Finlay, 
Bngno.  dt  Min.  Jnl.  (Sept.  28,  1918)  106, 
667-62. 

CHROME  ore  in  Cuba.  Bngno.  A  Min.  Jnl. 
(Oct.  6,  1918)  106,  617. 

CHROME  ore  producers.  Editorial.  Min,  A 
3ei.  Pr.  (Oct.  26,  1918)  117,  647. 

CHROMITE.  J.  C.  Williams,  Min.  A  Bngng. 
Ree.  (Aug.  31,  1918)  SS,  160-2. 

CHROMITE  production  urged.  Salt  Laks  Min, 
Rev.  (Sept.  30,  1918)  20,  28-9. 

COPPER,  lead,  gold  and  silver  ores.  C.  H.  Ful- 
ton, Metal  Ree.  (Sept.,  1918)  4,  274  et  seq. 

CORUNDUM  in  South  Africa.  Min.  Mag. 
(Sept.,  1918)  19,  162-4.  From  SotOh  Afr. 
Min.  Jnl. 

FRANCE.     Metalliferous  resources  of  Bretagne. 

Les   richesses   m^tallifdres   de  la   Bretagne. 

MStaux  Alliagee  Mach.  (Aug.,  1918)  8-9. 
FUEL  resources.   Methods  for   more  efficiently 

utilising.     B.    F.    Haanel,   Oen.    Elect.    Rev. 

(Oct.,  1918)  SI,  689-98.     Read  before  Canad. 

Soc.  Civil  EngTS. 

GERMAN  mineral  industry.  Raw  materials  and 
substitutes.  Min.  Jnl.  (Oct.  6,  1918)  ISS, 
676-7. 

GOLD,  Economic  position  of.  C.  T.  Kennan, 
Min.  A  Engng.  Rec.  (Aug.  31,  1918)  SS, 
166-8. 

GOLD,  is  it  an  essential  or  a  non-essential  7  R. 
H.  Tingley.  Salt  Lake  Min.  Rev.  (Oct.  16, 
1918)  SO,  27. 
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GOLD  industry.  War  seriously  affects  Califorais. 
Min.  A  Oil  BuU.  (Oct..  1918)  4,  490  et  seQ. 

GOLD  mining.  To  the  rescue  of.  BuU.  142,  Am. 
Inst.  Min.  Engrs.  (Oct.,  1918)  47-60. 

GOLD  mining  as  a  busin^M.  Editorial.  Min. 
Cong.  Jnl.  (Oct.,  1918)  4,  368-9. 

GOLD  mining  conditions,  Alleviation  of.  G.  E. 
Collins,  Bngng.  A  Min.  Jnl.  (Sept.  28.  1918) 
lOS,  681.    Letter. 

GOLD  problem,  Review  of.  H.  N.  Lawrie.  Min. 
A  Sci.  Pr.  (Oct.  26,  1918)  117,  661-4. 

GOLD  production,  Decline  in.  SmUh  Afr.  Min' 
Jnl.  (Aug.  24,  1918)  17,  376. 

GOLD  production,  Encouraging.  Min.  A  Sd. 
Pr.  (Oct.  12,  1918)  117,  i7&-6. 

GOLD  propaganda.  Bankers  endorse.  Editorial. 
Min.  A  Sci.  Pr.  (Oct.  6,  1918)  117,  438-9. 

GOLD  question.  Editorial.  Bngng.  db  Min. 
Jnl.  (Sept.  28,  1918)  106,  691-2. 

GOLD,  Situation  with  regard  to.  II.  Metal 
Rec.  (Sept..  1918)  4,  272-3.     Serial. 

GREAT  Britain,  Distribution  of  silica  rocks  in. 
QiMrry  (Oct.,  1918)  IS,  101-3.  Abs.  from 
Special  Reports  on  Mineral  Resourcee  of 
Great  Britain,  v.  6. 

GYPSUM  in  South  America.  Nature  (Aug.  1* 
1918)  101,  436. 

IRON  and  steel  in  Luxemburg.  Iron  A  Steel  Tr. 
Jnl.  (Sept.  14,  1918)  292. 

IRON  in  the  Americas.  W.  A.  Reid.  BulL  Pan. 
Am.  Union  (Aug.,  1918)  47,  212-27. 

IRON  of  Lorraine.     Metal  Tr.  (Oct.,  1918)  t.  384. 

IRON  ore  formation  in  Sweden.  G.  T.  Lindroth, 
J&rnmalmsfOrande  vulkanogena  (pyroklas- 
tiska)  amfiboliter  inom  den  mdlanavenska 
leptitformationen.  Tekniek  Tidekrift  Kemi 
och  Berge  Vetenakap  (Aug.,  1918)  4S,  10(^20. 
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"BULLDOG" 

Hollow  and  Solid 

MINING  AND  ROCK  DRILL  STEEL 

THE  STANDARD  EVERYWHERE 


Prompt  Deliveries  on  the  Largest  Orders. 
All  Sizes  and  Sections  from  Stock. 


"BULLDOG"  Made-up  Drills  areUnequalled 

W  SEND  FOR  PKICB  UST.  -«« 
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OFFICE! 
99  NASSAU  ST.,  NEW  YORK 
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IRON  ore  of  Braiil.  £.  J.  Monteiro,  Bngng.  A 
Min,  Jnl.  (Oct.  26.  1918)  106,  755.    Letter. 

IRON  ores,  Occurrence  of  in  Eastern  Holland. 
W.  H.  D.  De  longht  Het  voorkomen  van 
ijerertsen  in  OostrNederland.  Ingenieur 
(Aug.  24,  1018)  SS,  644-^. 

IRON  ores  of  Menes-Bel-Air.  M.  P.  Kerforne. 
Sur  les  minerais  de  fer  du  Menes-Bel-Air. 
Compt.  Rend.  Acad.  d.  Sci.  (Aug.  26,  1918) 
167.341-2.  V    -•       . 

LATERITE,  Metalliferous,  in  New  Caledonia. 
W.  M.  Davis,  Proe.  Nat.  Acad.  Sci.  (Sept.. 
1918)  4,  276-80. 

MAQNESITE  in  Africa.  Min.  DigeH  (July, 
1918)  19,  45-7. 

MANGANESE  and  chrome  in  Newfoundland 
and  Nova  Scotia.  Min.  Cong.  Jnl.  (Oct.. 
1918)  4,  404. 

MANGANESE  deposits  in  Cuba.  Bngna.  it 
Min.  Jnl.  (Sept.  28,  1918)  106,  570. 

MANGANESE  ore  in  Georgia.  Science  (Oct.  11, 
1918)  48.  360-2. 

MANGA NIFEROUS  ores  of  Cayuna  Range. 
Iron  Tr.  Rev.  (Oct.  10,  1918)  66.  837. 

MATACHEWAN  gold  district,  Ontario.  Min. 
Mao.  (Aug.,  1918)  19,  97-«. 

METALLIFEROUS  ores  of  iron  And  steel  indus- 
try. H.  C.  H.  Carpenter,  Nature  (Sept.  5. 
1918)  106,  7-8.  From  report  on  sources  ana 
production  of  iron  and  other  metalliferous 
ores  used  in  iron  and  steel  industry,  by  Dept. 
of  Scientifle  and  Industrial  Research. 

MICA  in  South  Africa.  Min.  Mag.  (Aug.,  1918) 
19, 99-101 .  From  Soulh  Afr.  Jnl.  Induetriee, 
Apr.,  1918.  « 

MINERAL  resources  of  Empire.  South  Afr. 
Engng.  (Apr.,  1918)  19,  54-6.     Serial. 

MINERALS  and  power.  F.  E.  WUliams,  Sci. 
Month.  (Nov.,  1918)  7,  457-64. 

MINETTE  ore  field  and  world  peace.  SUel  db 
Metal  Digeet  (Oct.,  1918)  6,  603. 

NITRATE  technology.  Chilean.  Editorial. 
Bngng.  db  Min.  Jnl.  (Oct.  12.  1918)  106,  679- 

NITRATES.  Determination  of,  in  caliche  and  its 
products.  J.  E.  Clennell,  Bngng.  dtMin.  Jnl. 
(Oct.  12,  1918)  106,  660-3. 

NON-METALLIC  minerals  of  the  Union.  T.  G. 
Trevor,  South  Afr.  Min.  Jnl.  (Aug.  10,  1918) 
17.329-31. 

PLATINUM  and  allied  metals  in  1917.  J.  M. 
Hill,  Jnl.  Soc.  Chem.  Ind.  (Sept.  16,  1918) 
67.  338R-9.  From  U.  S.  Geol.  Sur..  June. 
1918. 

PLATINUM  prospecting  in  Southern  Spain. 
Metal  Ree.  (Sept..  1918)  4,  273. 

QUICKSILVER,  Production  of.  Min.  dt  Sci. 
Pr.  (Oct.  12.  1918)  117,  488. 

REVENUE  act  fair  to  mining  industrv.  Asks  for. 
Min.  Cong.  Jnl.  (Oct..  1918)  4,  379-83. 

SOUTHWEST.  Notes  on  certain  ore  deposits  of. 
W.  Tovote,  Bull.  Am.  Inst.  Min.  Engrs. 
(Oct..  1918)  1593-1612. 

SULPHUR,  Problem  of.  in  Germany.  Problema 
del  asufre  en  Alemania.  Rev.  Minera 
(Sept.  16.  1918)  69,  449-50.  From  Tech- 
niqiie  Moderne. 

SULPHUR,  Production  of,  present  shortage  and 
possibilities.  Metal  Rec.  (Sept.,  1918)  4. 
282-3. 

SULPHUR,  the  king  of  chemicals.  C.  MacCul- 
loch.  Am.  Induetriee  (July,  1918)  18,  36-7. 

WAR  minerals  act  approved.  Min.  db  Oil  Bull. 
(Oct..  1918)  4,  471  et  seq. 

WAR  minerals  bill.  Government's  duty  to  miner. 
Editorial.  Min.  dt  Sci.  Pr.  (Oct.  19.  1918) 
117,511-2. 
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WOLFRAM  ore  and  tungsten.  Jnl.  Royal  Soo. 
Arts  (Sept.  27,  1918)  66.  702-3.  Report 
of  Departmental  Committee  on  enaineerinc 
trades  after  the  war. 

MmiNG    GEOLOGY   AND    MINING 

PRACTICE 

(See  also  Mineral  Resources) 

ACCIDENTS  in  mines.  Recording.  A.  H.  Fay. 
Bngng.  dt  Min.  Jnl.  (Oct.  19.  1918)  106. 
699-701.  Paper  presented  before  National 
Safety  Council. 

AIR  blasts  in  Kolar  Gold  Field.  India.  Bull 
Am.  Inst.  Min.  Engrs.  (Oct..  1918)  1542-53. 
Discussion  of  paper  by  E.  S.  Moore  in  BulL 
135.  Mar.,  1918. 

AIR  compressors,  Modern.  D.  Penman,  Min. 
Mag.  (July,  1918)  19.  12-21. 

ALASKA,  Notes  on  mining  in.  C.  C.  Semple, 
Bngng.  dt  Min.  Jnl.  JOct.  26,  1918)  19%, 
736-9. 

ALASKA,  Mining  under  war  conditions.  P.  C. 
Stoess.  Bngng.  dt  Min.  Jnl.  (Oct.  5,  1918) 
106,  611-4. 

ANTHRACITE  coal  stripping.  V.  T.  F.  Ken- 
nedy, Coal  Age  (Oct.  3.  1918)  14,  644-7. 

BUREAU  of  Mines  war  activities.  Salt  Lake 
Min.  Ret.  (Oct.  15.  1918)  SO,  29. 

CALIFORNIA  mining  in  1918.  Min.  dt  Sci.  Pr. 
(Sept.  2S.  1918)  117,425-6. 

CEMENT  gun   used   for   repairing   pit  stacks. 
•       Blaet  Fur.  dt  Steel  Plant  (Oct,  1918)  6,  399- 
401. 

CEMENTATION  at  Hatfield  Main  Colliery. 
Min.  Mag.  (Sept.,  1918)  19,  155-8. 

CEMENTATION  process  applied  to  mining. 
A.  H.  Krynauw.  Sci.  dt  Art  of  Min.  (Sept. 
21.  1918)  29,  52-3.  Presented  before  Chem. 
Met.  it  Min.  Soc.  of  S.  A. 

CEMENTATION  process.  Francois.  A.  H. 
Krynauw.  Min.  Mag.  (Aug.,  1918)  19. 
68-77.  Read  before  Chem.  i  Min.  Soc.  of 
S.  A.,  May,  1918. 

CHANCE  acetylene  safety  lamp.  W.  Maurice. 
Iron  dt  Coal  Tr.  Ret.  (Sept.  20.  1918)  97,  328; 
Coll.  Guard.  (Sept.  27.  1918)  116,  653. 
Paper  read  before  Inst.  Min.  Engrs.  Sept., 
1918. 

COAL  fields  south  of  Sydney,  Recent  develop- 
ments. J.  R.  M.  Robertson,  ColL  Chtard. 
(Sept.  27,  1918)  116,  649-51:  Iron  dt  Coal  Tr. 
Rev.  (Sept.  20,  1918)  97,  321.  Abs.  paper 
read  before  Inst.  Min.  Engrs..  Sept.  13, 1918. 

COAL  getting.  Presidential  address,  Institution  of 
Mining  Engineers.  Iron  dt  Coal  Tr.  Ret. 
(Sept.  20,  1918)  97,  319. 

COAL  mines  control  a^eement.  Closing  and 
abandonment  of  mines.  Iron  db  Coal  Tr. 
Rev.  (Sept.  27,  1918)  97,  354. 

CONVEYOR,  Coal  trimming,  Portable  auto- 
matic. Blect.  Rev.  [London]  (Sept.  20,  1918) 
66,  272-3:  Coll.  Guard.  (Sept.  20,  1918)  116, 
601-2:  Iron  dt  Coal  Tr.  Rev.  (Sept.  20,  1918) 
97,  327. 

CONVEYOR,  underground  coal,  Reciprocating. 
J.  F.  K.  Brown,  Coal  Age  (Oct.  10,  1918)  14, 
682-4. 

COPPER  enterprise,  Utah.  1.  T.  A.  Rickard. 
Min.  dt  Set.  Pr.  (Oct.  5,  1918)  117,  445-9. 
Serial. 

DRUM  shapes  as  affecting  mine  hoist  duty  cycle 
and  motor  rating.  F.  L,  Stone,  Proc  Am. 
Inst.  Elect.  Engrs.  (Oct.,  1918)  67,  1203- 
1221. 

DUMPS  and  dump  hoppers.  C.  L.  Miller,  Coal 
Ind.  (Oct.,  1918)  1,  373-4. 
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COLONIAL  STEEL  CO. 


RED  STAR  BRAin) 

Hollow  Drill  Steel 


RED  STAR  b  s  toush,  strong,  good  cuttiqg  drill  steel,  free  from  interior 
defects. 

The  hole  is  regular  and  unifonn  in  siz«  and  shape  and  of  the  same  diameter 
tfaiougliout. 

STAHDASD  STOCK  SIZES 

Round,  I,  iH  wid  "Ki  length,  15  to  18  ft. 

HEMgon,  H.  ".  ^H  and  i"^i  length,  15  to  18  ft. 


COLONIAL  STEEL  CO. 

PITTSBURGH,  PA. 

Salei  Officei:  Boiton,  Mm.,    New  Yoik,  N.  Y.,    Chkaco,  DL,  SL  Loub,  Mo., 
Deaver,  Col.,     Stlt  Lake  Qty,  Utmh. 
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ELECTRIC  power,  Uae  of,  in  mining  anthracite 
coal.  J.  B.  Crane,  Proc.  Am.  Intt.  Elect. 
Engrs.  (Oct.,  1918)  S7,  1197-1202. 

ELECTRIC  winding  engines  and  mine  hoiaU. 
H.  H.  Broughton,  BUctn.  (Sept.  20.  1918) 
81,  433-6.     SeriaL 

ELECTRIC  working.  Influence  on  Siegerl&nder 
iron-«tone  mining.  Einfluas  des  elektria- 
chen  Betriebes  auf  den  Siegerl&nder  Eisen- 
Bteinbergbau.  PromOhsuB  (Dec.  1,  1917) 
19,  33.  From  Antnger  far  Bero-,  HlUUn- 
und  Maachinenweaen,  1917,  No.  39-40. 

ELECTRICITY  in  coal  mining  operationa.  F. 
HuBkinaon,  Elect.  Rev.  (Sept.  28,  1918)  TS, 
494-5. 

ELECTRICITY  in  mining.  L.  Folkei.  Set.  A 
Art  of  Aftn.  (Oct.  5.  1918)  tt,  68-9. 

EXPLOSIVES,  permiasible  for  mine  nee.  J.  H. 
Squires.  Cwd  Ind.  (Oct.,  1918)  1.  875-^. 

EXPLOSIVES,  Precautiona  for  handling.  A. 
La  Motte,  Bngno.  A  Contr.  (Oct.  16.  1918) 
60,  365-6.  From  a  paper  presented  before 
National  Safety  Council. 

GOLD  dredging  in  U.  S.  Salt  Lake  Min.  Rew. 
(Sept.  30.  1918)  to,  25. 

GOLD  stealing.  Jnl.  Chamber  of  Mines  (June 
29, 1918)  17, 139-46. 

GUIDES,  Steel,  in  shafts.  J.  Whitehouse,  ColL 
Ouard.  (Oct.  11,  1918)  116,  755.  From  Jnl. 
South  Afr.  Inst,  of  Engrs. 

HUMAN  side  of  mining  enirineering.  J.  F.  Kemp, 
Bull.  Sch.  Mines  A  Met.  Umv.  Mo.  (June, 
1918)  10,  3-13. 

HYDRAULIC  stowing  in  mines,  ^me  primary 
oonsiderations  in,  with  note  particularly 
relating  to  coal  fields  of  Bihar.  C.  A.  J. 
Hendry.  Traru.  Min.  A  Coal  Inst,  of  India. 
(Apr..  1918)  It,  90-128. 

IGNEOUS  MAGMAS.  Evolution  of  ore  depioeito 
from.  W.  H.  Goodchild,  Min.  Mag.  (July, 
1918)  19,  21-32;  (Aug.,  1918)  19,  78-88; 
(Sept..  1918)  19,  135-44.     Serial. 

INDIA.  Housing  of  labor  and  sanitation  at 
mines  in  India.  J.  H.  Evans,  Trana.' Min.  A 
Geol.  Inst,  of  India  (Apr.,  1918)  It,  78-89. 

IRON  mines.  Depletion  in.  Engno.  A  Min.  Jnl. 
(Oct.  19.  1918)  106,  716. 

IRON  ore  formations  in  Sweden.  G.  T.  Lind- 
roth.  JftrmalmsfOrande  vulkanogena  (pyro- 
klastiska)  amfiboliter  irnom  den  mellansven- 
ska  leptifTormationen.  Tekniek  Tidekrifl 
Kemi  och  Bergs  Vetenekap  (Aug.,  1918)  48, 
.  109-20. 

IRON  ores  of  Sydvaranger.  Sydvaranger  Jern- 
malmfelt.  Tekniek  Ukeblad  (Sept.  6,  1918) 
66,  447-50. 

IRONSTONES.  Jurassic,  of  England.  Indian 
Engng.  (Aug.  3,  1918)  64,  66-7. 

JEROME  district  of  Arisona.  II.  J.  R.  Finlay. 
Enong.  A  Min.  Jnl.  (Oct.  5,  1918)  106, 
605-10. 

KELLOW  rock  drill.  Iron  A  Coal  Tr.  Rev.  (Oct. 
11,  1918)  97,  409-10. 

LAW,  Mining.  Editorial.  Min.  A  Sci.  Pr.  (Oct. 
5.  1918)  117,  441. 

LLALLAGUA  Mine  of  Bolivia.  Engng.  A  Min. 
Jnl.  (Oct.  12.  1918)  106.  666-7. 

MACHINE  for  cutting  coal  or  other  materials. 
H.  Hirst,  British  Pat.  117552.  III.  Off.  Jnl. 
(Sept.  11,  1918)  2031. 

MACHINERY  and  supplies.  Mining,  purchase. 
C.  E.  Bowron.  Coal  Age  (Oct.  24,  1918)  14, 
782-4. 

MAGNESITE.  Mining  and  calcining,  in  Napa, 
California.  Min.  A  Sci.  Pr.  (Oct.  5,  1918) 
117,  459-60. 
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MAGNETIC  Meridian  as  a  baaia  for 

veya,  Determining  the.    T.  L.  Gallon 
Ouard.  (Sept.  20,  1918)  116,  697. 
sion,   603.    From  a  paper  read  before  Issta 
Min.  Engrs..  Sent.,  1918.    Iron  A  Ceal  Tr. 
Rev.  (Sept.  20.  1918)  97,  326. 

MAGNETIC  needle  in  mine-surreyins-  L  H. 
Cooke,  Min.  Mag.  (Sept.,  1918)  1».  124-6. 

MANGANESE  field.  Arkansaa.  D.  £.  Wood- 
bridge,  Engng.  A  Min.  Jnl.  (Get.  12,  1918) 
106,  669-70. 

MANITOBA,  Mining  in  NoHhera.  J.  A.  Camp- 
bell. Engng.  A  Min.  Jnl.  (Oct.  19. 1018)  161, 
702-4. 

METALLIFEROUS  mines,  Management.  W.  Dc 
Haan,  Ingenieur  (Aug.  24.  1918)  St.  648-54. 

MEXICO.  Lost  minea.  SaU  Lake  Mi*,  Ret. 
(Sept.  30,  1918)  to,  29-30. 

MINE  efficiency.  Increasing  coal.  C.  E.  Stuirt, 
Coal  Age:  I.  (Oct.  17.  1918)  14.  724-7;  IL 
(Oct.  24,  1918)  14,  773-9.     Serial. 

MINE  Rescue  Apparatus  Reaearoh  Committes; 
First  Report.  Coll.  Guard.  (Sept.  13,  1918} 
116,  54&-50:  (Sept.  20.  1918)  US,  60(hl; 
(Sept.  27.  1918)  116,  651-2.  661.  Serisl. 
Editorial  Coll.  Ouard.  (Sept.  13.  1018)  111. 
553.  Digest  of  Report  Iron  A  Coal  Tr.  Sn. 
(Sept.  20,  .1918)  97,  324-5. 

MINE  working  machine.  N.  A.  Newdick.  V.  S. 
Pat.  1278196.  Off.  Qaz.  (Sept.  10, 1018)  264, 
260. 

MINING  machine,  Coal.  J.  Gricar.  U.  a  Pst 
1278333.     Off.  OoM.  (Sept.  10. 1918)  164,  396. 

MINING  machine,  Electrically  driven  eoaL  G. 
Rouet,  Rev.  Oen.  Sleet,  (Sept.  28,  1918)  4, 
451-7. 

NEVADA,  ManMneae  and  iron  depooita.  etc. 
Min.  A  ScCPr.  (Oct.  12.  1918)  IIT.  497-6. 

OREGON,  manganese  ore.  AlaM,  A  Sorlhr. 
Min.  Jnl.  (Sept.,  1918)  It,  65. 

PANEL  system  used  at  Independent,  and  Myen 
Whaley  shoveling  machine.  S<Ut  Lake  MiM- 
Rev.  (Sept.  30.  1918)  tO,  21-2. 

PLATINUM.  Regulations  issued  for  lioezwag. 
Engng.  A  Min.  Jnl.  (Oct.  5, 1918)  10«»  691r-6. 

PLATINUM,  Stringent  regulationa  on.  Chem. 
A   Met.  Engng.   (Oct.  15,  1918)  10,  607-8. 

PLATINUM.  Users  brought  u nder  Ucense.  Jf ia. 
Cong.  Jnl.  (Oct..  1918)  4,  375-B. 

RADIUM  emanation  and  observation  of  fire- 
damp. Radiumemanation  sur  Beobachtuag 
und  Messung  der  Bewetterung  von  Berg- 
werken.     Prometheue  (Mar.  16,  1918)  19,  94. 

RADIUM.  R.  B.  Moore,  Aftn.  Jnl.  (Sept.  21, 
1918)  Itt,  550-3.  Abs..  from  BulL  140. 
A.  I.  M.  E. 

RAND  mining  and  metallurgical  practice.  H.  F. 
Marriott,  South  Afr.  Engng.  (June,  1018)  St. 
88-9.    Serial. 

ROPES  for  hoisting  coal  from  minea.  M.  W. 
Reed,  Coal  Ind.  (Oct.,  1918)  1,  388-91. 
Paper  presented  before  Safety  Concreae  in 
St.  Louis. 

SAFETY.  Mine,  in  war  time.  D.  Hanincton, 
Coal  Age  (Oct.  3.  1918)  14,  638-41. 

SAMPLING.  Mine,  and  mining  method.  H.  J. 
Wolf,  Engng.  A  Min.  Jnl.  (Oct.  12.  1918) 
106,671.    Letter. 

SHAFT  sinking,.  Seneca  inine.    W.  V.  Featherhr. 


Engng.  A  Min.  JnL  (Sept.  28,  1918) 
563-4. 


Coal 


SHOVELING   machines  for  coal   mines. 
Ind.  (Oct.,  1918)  1,  382-4. 

SIGNALING.   Mine.     Clay  Cross  Co., 

Pat.  118354.    III.  Off.  JfU.  (Oct.  16.    lOlS 
2336. 
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(INCORPORATED) 

Successors  to  Danville  Foundry  and  Machine  Co. 
30  NORTH  HAZEL  ST^         -         DANVILLE,  ILL. 


Engineers,  Founders,  Machinists  and  Boilermakers 

DANVILLE,  -  ILLINOIS.  U.  S.  A. 
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SIGNALING  system,  Mine.  Automatic  Tele- 
phone Manufacturing  Co.,  British  Pat. 
118330.     Ill  Off.  Jnl.  (Oct.  16,  1918)  2326. 

SPAIN.  Mining  in.  W.  M.  Heriot,  Min.  Mag. 
(Sept.,  1918)  19,  129-34. 

SURVEYS,  Rights  of  mining  engineers  to.  make. 
Bull,  Canad.  Min.  Inst.  (Oct.,  1918)  843-5. 

TAXATION,    Federal,    and   finance   of    mines. 
•       J.  F.  Callbreath,  Min.  A  Set.  Pr.  (Oct.  26, 
1918)  117,  567-8. 

TEMPERATURE  conditions  in  deep  mines. 
Enono.  A  Min.  Jnl.  (Oct.  26,  1918)  106, 
760-1. 

TIMBERING,  mine.  Safe  and  efficient.  R.  Z. 
Viz  gin.  Coal  Ind.  (Oct.,  1918)  1,  369-72. 

TONOPAH  mining,  Effect  of  war  upon.'  J.  A. 
Carpenter,  Engng.  A  Min.  Jnl.  ((3ct.  5, 1918) 
106,  601-4. 

TUNGSTEN  ores.  Genesis  of.  R.  H.  RasUll, 
Min.  Jnl.  (Oct.  5,  1918)  MS,  581-2;  (Oct.  12, 
1918)  ISS,  581-2.  Serial.  Abs.  of  paper 
from  Oeol.  Mag. 

TUNGSTEN  within  the  Empire.  S.  J.  John- 
stone. Jnl.  Soo.  Chem.  Ind.  (Sept.  16,  1918) 
87,  334R-6.  Based  on  lecture  given  at 
London  Soh.  of  Economics,  Nov.,  1917. 

UTACALA  sine  mine,  and  its  calcining  plant. 
G.  H.  Ryan,  Salt  Lake  Min.  Rev.  (Oct.  15, 
1918)  SO,  21-3. 

VALUATION  of  mines  in  Arisona.  E.  Jacobs. 
Engng.  A  Min.  JnL  (Oct.  12,  1918)  106, 
664-6. 

VALUATION  of  ore  reserves.  James  White- 
house.  Coll.  Guard.  (Sept.  13.  1918)  116,  546- 
6;  (Sept.  20,  1918)  116,  698-600. 

VENTILATING  practices.  Discussion  of.  C.  A. 
Mitkc,  Coal  Ind.  (Oct.,  1918)  1,  379-81. 
Paper  presented  before  National  Safety 
Congress 

VENTILATION,  Auxiliary,  of  •  coal  mines. 
J.  Fox,  Coll.  Guard.  (Oct.  11,  1918)  116,  756. 

VENTILATION,  mine.  Canvas  tubing  for  mine. 
L.  D.  Frink,  South  A/r.  Min.  JrU.  (Sept  7, 
1918)  S7,  421.  Serial.  Abs.,  from  Bull.  134. 
A.  I.  M.  E. 

VENTILATION  of  mines.  T.  Chester,  SaU 
Lake  Min.  Rev.  (Sept.  30,  1918)  10,  26-7. 

WIRE  ropes  in  mining.  Prac.  Engr.  (Sept.  5, 
1918)  66,  113.     Serial. 

ORE-DRESSING  AND  PREPARATION 

OF  COAL 

APPARATUS  for  reducing  ores.  H.  N.  Tracy, 
U.  S.  Pat.  1279180.  U.  S.  Pat.  1279181. 
Off.  Gax.  (Sept.  17,  1918)  tM,  554. 

BRADFORD  process  at  Broken  Hill.  E.  T. 
Henderson,  Min.  A  Sci.  Pr.  (Sept.  28,  1918) 
117,  407-10. 

BRIQUETTING  coal,  in  South  Wales.  Indian 
Engng.  (Aug.  10,  1918)  64,  80. 

BRIQUETTING,  home-made  plant  at  P«>rnam- 
buco.     Gae  WU.  (Sept.  14,  1918)  69,  142-3. 

BRIQUETTING  of  lignites.  R.  A.  Ross, 
Iron  A  SUel  of  Can.  (Oct.,  1918)  1,  367-8. 
Extracts  from  report  of  R.  A.  Ross,  £.  E., 
Ottawa,  1918. 

BRICJVETTING  small  coal,  Economy  of.  J.  A. 
Yeadon,  Iron  A  Coal  Tr.  Rev.  (Oct  11, 
1918)  97,  405;  Coll.  Guard.  (Oct.  11.  1918) 
116,  767.  Abs.  of  paper  read  before  Min. 
Inst,  of  Scotland.  Oct.  5.  1918. 

COLLOIDS  in  flotation.  J.  A.  Pearce,  Min.  A 
Sci.  Pr.  (Oct.  12,  1918)  117,  491-3. 

CONCENTRATING  ores.  K.  Sundberg,  Brit- 
ish Pat.  117781.  III.  Off.  JnL  (Sept.  25. 
1918)  2115. 
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CONCENTRATION  tesU.  Ratios  of.  It  T. 
Hancock.  Min.  Mag.  (Sept.,  1918)  19,  144-6. 

CRUSHING  resistance  of  varioua  orea.  BmO. 
Am.  Inst.  Min.  Engrs.  (Oct.,  1918)  1564-6. 
Discussion  of  paper  by  L.  W.  Lennos  in  BmU. 
140. 

FLOTATION  at  Broken  Hill.  Editorial.  Min. 
A  Set.  Pr.  (Sept.  28,  1918)  UT.  404. 

FLOTATION,  cyanidation,  and  filter  patenta. 
Similarities  in  legal  aspects  of  litlsiktion  over. 
R.  V.  Canby,  Min.  A  Sei.  Pr.  (Oct.  5,  1918) 
117,  450-4. 

FLOTATION  of  minerals.  FlotSMSon  de  ka 
minerales.  Rev.  Minera  (Sept.  24,  1018)  ft, 
463-5.     From  G6nie  Civil. 

FLOTATION  process,  Terry  differential.  J.  T. 
Terry.  Min.  A  Sci.  Pr.  (Oct.  19,  1918)  Ul, 
633-4. 

FLOTATION  process  and  apparatus.  J.  A. 
Pearce,  U.  S.  Pat.  1277750.  0#.  Go*. 
(Sept.  3,  1918)  S64,  117. 

FLOTATION  tests.  Recording  experimentaL 
A.  F.  Taggart.  Engng.  A  Min.  JnL  (Oct.  26. 
1918)  106,  761-2. 

IRON  ores.  Reducing.  C.  C.  Bookman.  Britkb 
Pat.  117444.  lU.  Off.  JnL  (Sept.  11.  1918} 
1988. 

LABORATORY.  Ore  dressing  of  Haileytmry 
School  of  Mines.     BulL  O&nad.  Mia.  I 

(Oct.,  1918)  84&-61. 

METHOD  and  apparatus  for  subliminf  and 

tering  ores.  W.  D.  KUboum,  h.  S.  Pat, 
1278166.  Off.  Oat.  (Sept.-  10.  1918)  1S4, 
252. 

ORE  dressing  plant  for  British  Cc^umbia  GoTcm- 
ment.  Aftn.  A  Engng.  Rec.  (Aug.  31,  1918) 
U,    166. 

COAL  AND  COKS 

(See  also  Mineral  Resources,  Mining  GeolocF 
and  Mining  Practice,  Ore-dresatog  aod 
Preparation  of  Coal) 

ANALYSIS    of    coal,    coke    and    by-i 

ColL  Guard.  (Sept.  13.  1918)  lU,  647-8. 

ASH,  Determination  in  anthracite.     Zar 

niung  der  Asche  in  Steinkohlen.     H.  Mi 
baum,   Chem.  Ztg.  (Aug.  10.  1918) 

BITUMINOUS  coal.  Storage  of.  H.  H.  Stodc 
Engng.  A  Cement  Wld.  (Oct.  15,  1918)  IS, 
23-5.  Abe.  of  paper  before  Weatn.  Soe.  id 
Engrs. 

BRITISH   coal   mining.   Future   of. 
ColL  Guard.  (Sept.  20, 1918)  lift,  006. 

BRIQUETTING  coal,  in  South  Walea. 
Engng.  (Aug.  10,  1918)  64,  80. 

BRIQUETTING,  homemade  plant  at  P< 
buco.    Gov  Wld.  (Sept.  14,  1918) 

BRIQUETTING  of  lignites.     R.  A. 

A  St4el  of  Can.  (()ct..  1918)  1,  357-& 


tracts  from  report  of  R.  A. 
Ottawa,  1918. 


Rom.  E.  E... 


BRICDUETTING  small  eoal.  Eeonomy  at.  J.  A. 
Yeadon,  Iron  A  Coal  Tr.  Re9,  (Oct.  11. 
1918)  97,  406;  ColL  Guard.  (Oct,  11.  191S) 
116,  767.  Aba.  of  paper  read  before  M&a. 
Inst,  of  Scotland,  Oct.  6,  1918. 


W.  H. 
lOrt., 


BY-PRODUCT  coke  oven:  its  produeta. 
Blauvelt,   Blast  Fur.    A   SteH   Plamt 
1918)     6,     436.     Serial;     laat 
From  BulL  135.  A.  I.  M.  E. 

BY-PRODUCT   coke.     Ste*l  and    Metal 
(Oct.,  1918)  8,  692-3. 

CALORIFIC  value  and  ash  yield  of  ooal  saBs^ 
from  same  seam.  T.  J.  BrakdeT  C^ 
Guard.  (Oct.  11.  1918)  lift,  753-4. 
read  before  Mancheater  GeoL  A 
Oct..  1918. 
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CRUSHING  MACHINERY 

AND 

MAGNETIC  SEPARATORS 

Buchanan  All-Stcel  Crusher  Type  "C" 

I  These  Crushers  are  m&de  in  over  30  siies, 

from  34  X  36"  "P  to  aad  mcluding  60  X  84". 
The  bcArings  are  all  waterjacLeted  and  remov- 
k  '  able  in  the  larger  sizes.  Jaw,  Cheek  Platea 
I  and  Toggle  Bearings  of  Manganese  Steel. 
I  '  Pitman  spring  balanced  and  made  parting. 
J  Underfeed  forced  lubrication  on  all  beaiiugt. 
-^  Several  sizes  made  sectional  for  lowering  in 
mines  for  underground  operations.  All  steel  castings  thoroughly  annealed. 
The  Buchanan  Co.  were  the  pioneers  in  developing  the  large  AU^STEEL  Sec- 
tional Ctusher.  Our  first  machine  (48")  was  built  over  twelve  years  ago  and  is 
Still  in  successful  operation.  Send  for  Bulleton  No.  to  describing  these  madiines. 
For  medium-size  Crushers,  send  for  Bulletin  No.  9. 

Etuchanan  Crushing  KoHs 

Illustration  shows  our  Type  "C"  Crushing 
Rolls  made  in  sizes  from  18  X  u"  to  4a  X  t6' . 
Type"  especial  from  36  X  i8"t0  7»  X  34"  and 
71  X  36".  Thb  type  of  Roll  is  made  with  Semi- 
Steel  bo»  bed  cast  in  one  piece.  Bearings  are  of 
Phosphor  Bronze.  The  Stationary  Rail  is  pro- 
vided with  fleeting  adjustment  so  that  the  roll 

can  be  moved  sideways  to  prevent  grooving.  The  adjustable  roll  is  provided 
with  out  patent  swivel  pillow  blocks  which  keep  the  toll  bearings  in  perfect 
alignment  aad  prevent  ctamping  of  the  shafts  when  passing  iton  or  othet  bard 
substances  thtough  the  Rolls.    If  interested  in  Rolls,  send  for  Bulletin  No.  13. 

Buchanan  Magnetic  Separators 

We  build  eight  diiUnct  types  r'       «tatars,as  foUows: 
I.  Alternating  Pole — Drum  Type. 
a.  Belt  Type  Alternating  Pole  Pieces. 

3.  Magnetic  Ore  Cobbers — Drum  '^ype. 

4.  Magnetic  Ore  Cobbers — Belt  and  Fnim  Type. 

5.  Magnetic  Wet  Separators  for  fine  u.»., 

6.  Magnetic  Wet  Separators  for  coarse  ore. 

7.  Magnetic  Head  Pulleys. 

8.  Magnetic    Drums    with    Special    Magnets   fot 
'     handling  large  masses  o!  iron  or  steel. 

..^  Magnetic  concentrating  plants  complete  in  all  de- 

tuls.     We  have  designed  and  buQt  over  a  dozen  complete  plants. 

Over  thirty  years'  experience  in  designing,  building  and  operating  Magnetic  Sep- 
arators for  practically  every  known  commercial  purpose.   Send  fot  Bulletin  No.  14. 


C.  G.  BUCHANAN  CO..  Inc. 

90  WEST  STREET,  NEW  YORK,  N.  Y, 

[Pl«aH  inentioD  thb  builbtih  when  wrilinf  sdvertiian.]  (IJ 
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CARBOCOAL,  BuU.  Am.  Inst.  Min.  Encn. 
(Oct.,  1918)  1533-42.  DiscUBsioa  of  paper 
by  C.  T.  Maloolmaon  in  Bull.  137,  May.  1918. 

CARBONIZATION,  J.  W.  Cobb,  Go*  JrU. 
(Sept.  10.  1918)  148,  482-7. 

CARBONIZATION  of  ooal.  Low-temperature. 
OoM  Wld.  (July  27.  1918)  69.  46-6.  Disous- 
aion  at  Soo.  Chem.  Ind. 

CARBONIZATION  of  ooal.  W.  Savage.  Chem. 
A  Met.  Bnffno.  (Oct.  1.  1918)  19»  679-82. 

CARBONIZATION  reactions.  J.  W.  Cobb,  Coll. 
Guard.  (Sept.  27.  1918)  116,  664-6.  William 
Youns  Memoriu  lecture  before  North  British 
Ass.  <M  Gas  Managers,  Sept.,  1918. 

COAL,  Complete  dissolution  of.  Otto  Debatin, 
Die  YoUst&ndige  Aufldsung  der  Kohle.  Fro- 
tnelheua  (Mar.  16,  1918)  19,  229-81. 

COAL  fields  south  of  Sydney,  Recent  develop- 
ments in.  J.  R.  M.  Robertson,  Coll.  Ouard. 
(Sept.  27.  1918)  116,  649-51.  Paper  read 
before  Inst,  of  Mm.  Engrs.  Sept.,  1918;  Iron  dt 
Coal  Tr.  Ret.  (Sept.  201  1918)  97,  321.  Abs. 
of  paper. 

COAL  mines  control  agreement;  closing  and 
abandonment  of  mines.  Iron  dt  Coal  Tr. 
Rev.  (Sept.  27.  1918)  97,  364. 

COKE  from  coal.  Problem  of.  N.  H.  Freeman, 
Petr.  Rev.  (Sept.  28,  1918)  89,  199. 

COKE  from  non-coking  coal.  Iron  db  Coal  Tr. 
Rev.  (Sept.  27,  1918)  97,  344. 

COKE,  Importance  of  hardness.  Bngng.  (Sept. 
13,  1918)  106,  292. 

COKING  apparatus.  F.  P.  Wilmette,  U.  S.  Pat. 
1279767.     Off.  Oat.  (Sept.  24.  1918)  264,  737. 

CONCRETE  coal  barges.  J.  F.  Springer.  Coal 
Age  (Oct.  3,  1918)  14,  628-32. 

CONTROL  of  coal  and  water  supply.  Editorial. 
Min.  Mag.  (Sept.,  1918)  19,  116-8. 

FUEL  economy.  Getting,  under  difficulty.  Black 
Diamond  (Sept.  28.  1918)  61,  249. 

FUEL  famine,  On  American.  C.  P.  Berkey, 
Univereal  Engr.  {Sept.,  1918)  M,  33-8.  Re- 
printed by  permission  of  Am.  Museum  Jnl. 

FUEL  resources.  Methods  for  more  efficiently 
utilising.  B.  F.  Haanel,  Gen.  Bled.  Rev. 
(Oct.,  1918)  11,  689-98.  Read  before  Canad. 
Boc.  Civil  Engrs. 

FUEL  sones,  modified.  Black  Diamond  (Oct.  6, 
1918)  61,  267-8. 

FUELS,  Rational  use  of  available.  Sur  V  utilisa- 
tion rationnelle  des  combustibles  dont  dispose 
actuellement  1'  induatrie.  Rev.  Gen.  elect. 
(Oct.  6.  1918)  4,  506-12. 

FUELS.  Om  vore  Braendselsstoflfer.  Ingeni- 
oren  (Aug.  17,  1918)  454-9. 

FUSIBILITY  of  ash  from  West  Virginia  coals. 
W.  A.  Aelvig.  Power  (Oct.  15,  1918)  48, 
66fr-7. 

JAPANESE  coal  and  coke  question.  Coll. 
Guard.  (Sept.  13.  1918)  116,  668. 

LOW  temperature  distillation.  Destination  af 
tarvelige  kul  ved  lav  temperatur.  Ingenioren 
(Aug.  21,  1918)  87,461. 

LOW  thermal  distillation  of  coals.  G.  W.  Traer, 
Coal  Ind.  (Oct^  1918)  1,  393-6.  From  Bull. 
142.  A.  I.  M.  E. 

"PHILADELPHIA  plan'*  of  coal  aUotment.  J. 
S.  Carson.  Heal  A  Vent.  Mag.  (Oct..  1918) 
16,  17-30. 

PRICES  of  bituminous  coal  fixed  by  Fuel  Ad- 
ministration. C.  Garnsey,  Jr.,  R.  V.  Norris, 
and  J.  H.  Allport,  Coal  Age,  I.  (Oct.  10. 
1918)  14, 686-9;  II.  (Oct.  17, 1918)  14, 736-9. 
Serial.  Paper  presented  before  A.  I.  M.  E.. 
Sept.,  1918,  at  Colorado  meeting;  Black 
Diamond  (Sept.  28.  1918)  61,  246-8.  Con- 
clusion of  paper  read  Aug.  10, 1918  at  WiUces- 
Barre.  Pa.     See  Bull  141,  A.  I.  M.  E. 
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ST0RA(]U5  regulations,  Fuel  Administration  re- 
vises\ts.  Min.  Cong.  Jnl.  (Oct..  1918)  4, 
402. 

U.  S.  Fuel  Administration.  Rulings  of.  Black 
Diamond  (Sept.  28.  1918)  61,  262-3;  (Oct.  5. 
1918)  61,  281-2. 

UTILIZATION  of  ooal.  Rational.  Iron  A  Coal 
Tr.  Rev.  (Sept.  27,  1918)  97,  345. 

WASTE  due  to  excessive  ash  in  coal.  Coal  Age 
(Oct.  10,  1918)  14,  692-4.  Report  of  the  J. 
Q.  White  Engng.  Corx>oration  of  New  York. 

PETROLEUM  AND  GAS 

CEMENT  plugging  for  exclusion  of  bottom  water 
in  Augusta  Field,  Kansas.  H.  R.  Shidel, 
Bull.  Am.  Inst.  Min.  Engrs.  (Oct.,  1918) 
1613-20. 

CRUDE  petroleum  supply  is  in  danger.  Oil  A 
Oae  Jnl.  (Oct.  4,  1918)  17,  39  et  seq. 

CRUDE  shortage.  Is  there  danger  of?  Oil  A 
Oae  Jnl.  (Sept.  27,  1918)  17,  49-60.  From 
Oil  City  Derrick. 

ELECTRICAL  power.  Application  of,  to  oilfield 
requirements.  J.  W.  Burford.  Jnl.  Instn. 
Petr.  Tech.  (June.  1918)  4,  229-76. 

FUEL  oil  from  home  resources.  Full  report  d 
Lord  Crew's  Committee.  Petr.  World  (Sept, 
1918)  16,  368-70.     Conclusion. 

FUEL  oil.  Preventing  waste.  R.  T.  Strohm, 
Power  (Oct.  29,  1918)  48,  636. 

GALICIAN  petroleum  industry.  Petr.  Rev. 
(Sept.  14.  1918)  89,  167. 

GAS  from  coal.  Problem  of.  N.  H.  Freeman, 
Petr.  Rev.  (Sept.  14.  1918)  89,  166-6. 

GAS,  Value  of,  delivered  at  varying  pressures. 
C.  V.  Critohfield.  Natural  Oae  A  Oaeoline  Jnl. 
(Aug..  1918)  IS,  286<96. 

GASOLINE  and  fuel  oil  specifications  made  by 
Interdepartmental  Committee.  Oil,  Paint  A 
Drug  Rep,  (Oct.  14.  1918)  94,  63. 

GASOLINE  from  natural  gas  industry.  Growth 
of.     Min.  A  Oil  BuU.  (Oct..  1918)  4,  47»-81. 

GASOLINE.  Recovery  from  natural  gas.  W.  P. 
Dykema.  Petr.  Rev.  (Aug.  31.  1918)  89,  13»- 
40;  (Sept.  14,  1918)  89.  173-6;  (Sept.  21. 
1918)  89,  189-91.     Serial. 

GASOLINE.  Recovery  of,  from  casing-head  and 
natural  gas.  P.  Diserens.  Jnl.  Am.  Soc. 
Mech.  Engrs.  (Oct.,  1918)  40,  834-^8.  Aba. 
of  paper  presented  at  Ass.  Engng.  Soc.  of  St. 
Louis.  Jan.  16.  1918. 

GERMANY  and  Russian  petroleum.  R.  R. 
Gordon-Barrett,  Petr.  Rev.  (Sept.  14,  1918) 
89,  172. 

GULF  Coast  oil  deposits  lower  down.  A.  F. 
Lucas,  Oil  A  Oae  JnL  (Oct.  26,  1918)  17, 
40-4. 

HOME  oil  resources.  Development  of.  F.  M. 
Perkin,  Petr.  Rev.  (Aug.  31.  1918)  89,  136. 

HOME-produced  oil.  Scandal  ol.  Petr.  Rev. 
(Sept.  7,  1918)  89,  156-6. 

LICENSES  for  oil  and  gas  industries.  Min.  A 
Oil  BuU.  (Oct.,  1918)  4,  486-9. 

LOS  ANGELES  city  oil  field.  Min.  A  OH  BuU. 
(Oct.,  1918)  4,  475. 

MEXICAN  oflScial  petroleum  statistics.  Oildom 
(Oct.,  1918)  8,  782. 

MEXICAN  oilfield  temperature*.  Significance  of 
certain.  E.  De  Golyer,  Petr.  Rev.  (Aug.  31, 
1918)  89,  143. 

MEXICAN  petroleum  situation.  Petr.  Rev. 
(Sept.  14,  1918)  89, 171. 

NATURAL  gas,  Chemical  possibilities  of.  T.  B. 
Garner,  Nc^ural  Oae  A  Oaeoline  Jnl.  (Sept.. 
1918)  IS,  319-30.  Natural  Gas  Ass.  of 
Am.  Convention. 
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BUII.ETIN,  A.  I.  M.  E.— ADTERT18INQ  SECTION 

TRAYLOR  EQUIPMENT 

FOR 

MINE,  MILL  AND  SMELTER 


JAW  CRUSHERS  tor  every  purpoM  »Il  fitted 
with  cut  iteel  water-cooled  pitmAn,  water- 
coided  main  ptman  shaft  beaiiafp  and  built  in 
sizei  from  7"  t  10"  Jaw  opening,  up  ta  and  in- 
cluding the  Giant  66"  i  S6"  cruaber  weighing 
6Sa,ooo  poundi,  the  lugett  Ciuaber  in  the 
world.    Bulletin  J-i. 

CRDSHinG  BOLLS  with  the  "Fleeting  RoU" 
the  only  Ctmfaing  Rolli  built  which  have  an 
automatic  device  for  ihifting  the  potitlon  of 
the  fixed  toll  in  a  lateial  direction,  Corrugat- 
ing  and  Flanging  of  the  RoU  ihells  eliminated, 
tbiu  auuring  a  greater  tonnage  per  let  of  •belli, 
alio  a  greater  toniuge  of  Gnifhed  product  per 
horse  power  coniumed.  Built  in  tipea  from 
18" X  10"  to7i"x3o"incliidve.    Bulletin  R-i. 

SUELTIITO  FURHACBS  for  Copper  or  Lead 
Smelting  equipped  with  Traylor  Patented 
Water  Jacketa,  having  the  tuyire  an  integral 
part  of  the  fire  sheet  which  ia  tree  from  all  pio- 
jectioni,  al«o,  Traylor  quick  detachable  tuyire 
connection  and  manyotherfeaturei  which  have 
made  Traylor  Smelting  Furnaces  World  Stand- 
ard, aa  evidenced  by  over  90%  of  all  new 
smelting  equipment  purchased  during  the  past 
fiscal  year  bdng  made  by  us.     Bulletin  SF-i. 


COPPER  CONVBRTBRS  so  designed  that 
any  tuyfae  can  be  removed  without  interfering 
with  the  others.  Tuyjre  Boies  that  can  be 
detached  without  disturbing  the  tuytre  pipes 
because  of  the  Williams  connections.  Shelby 
improved  Tuyire  valve,  universal  air  connec- 
tion, all  features  that  make  for  efficiency  and 
ease  In  operation.    Bulletin  C-i. 


Traylor  Engineering  ^  Mfg.  Co. 

M«>n  Offic*  snd  Works:  AlIentOWH,    Pa.,    U.    S.    A. 

NEW  VOHK  CHICAGO  LOS  A^OELES  SPOKANE 

wUb  wHtlm  BiInrtlMn.f  (  1 5 
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NATURAL  gas  in  New  Orleans,  Present  situation 
relating  to  the  introduction  of.  H.  Egfles- 
ton,  Proc.  La.  Engng.  8oc.  (Aug.,  1918) 
4,  163-6. 

NATURAL  gas  industry  in  West  Virginia,  Facts 
about.  £.  Robinson,  Natural  Oaa  A  Oato- 
line  Jnl.  (Aug..  1918)  It,  282-4. 

OIL  deposits  on  the  Gulf  Coast,  Possible  existence 
of  deep-seated.  Bull.  Am.  Inst.  Min.  Engrs. 
(Oct.,  1918)  1558-60.  Discussion  of  paper 
by  A.  F.  Lucas  in  Bull,  139. 

OIL  from  coal,  Problem  of.  N.  H.  Freeman. 
Petr.  Rev.  (Sept.  21.  1918)  89,  181-2. 

OIL  in  Southern  Tamaulipas,  Mexico.    Bull.  Am. 

Inst.    Min.    Engrs.    (Oct.,    1918)     156(^-4. 

Discussion  of  paper  by  E.  Ordones  in  Bull, 

137. 
OIL  industry,  talent  needed.    W.  G.  Williams, 

Oildom  (Oct.,  1918)  8,  750-1. 

OIL,  Legal  view  of  Mexican  situation.     E.  D. 
Fuller.  Oil  A  Gaa  Jnl.  (Sept.  27,  1918)  IT,  46-7. 

OIL  men's  convention,  Independent,  in  New 
York  City.  Oil,  Paint  A  Drug  Bep.  (Oct. 
14,  1918)  94,  6-11. 

OIL.  Search  for,  under  the  British  flag.  Petr. 
H««.  (Sept.  21.  1918)  S9,  185-6. 

OIL  shale  lands  in  Norfolk,  To  develop.    Petr. 

Bet.  (Aug.  3,  1918)  »9,  70. 
OIL  shale  scouts.  Work  of.     Salt  Latce  Min.  Rev. 

(Sept.  30,  1918)  SO,  32. 

OIL  storage  tanks  and  reservoirs.  C.  P.  Bowie, 
Petr.  Ret.  (Sept.  21,  1918)  St,  187-8;  (Sept. 
28,  1918)  89,  203-4.     Serial. 

OIL  supply.  Immediate  sources  of  new.  Oil 
A  Oaa  Jnl.  (Oct.  4,  1918)  17,  48-9. 

OIL  yield  from-  old  wells.  Increasing.  Du  Pont 
Mag.  (Oct.,  1918)  9,  20  et  seq. 

PETROL  from  your  own  well  gas.  Petr.  World 
(Sept.,  1918)  15,  371-8. 

PETROLEUM:  A  resoxirce  interpretation.  C. 
G.  Gilbert  and  J.  E.  Pogue,  Oildom  (Oct., 
1918)  8,  763-68.  Serial.  From  Smith- 
sonian Institution  Bull.  102. 

PETROLEUM,  Argentine-Bolivian.  S.  C.  Her- 
old.  Engng.  A  Min.  Jnl  (Sept.  28.  1918) 
106,  573.     Abs.,  from  BuU.  141.  A.  I.  M.  E. 

PETROLEUM  experiment  station  for  Bartles- 
ville.     Doherty  Newe  (Oct.,  1918)  4,  13. 

PETROLEUM  in  1916.     Oildom  (Oct.,  1918)  8, 

788-94. 
PETROLEUM    in    the     whole    world.     1916. 

P^trole  dans  le  monde  en  1916.     Circulaire 

No.  6361.     Comity  Central  des  Houilldres  de 

France  (Sept.  2,  1918)  1-16. 
PETROLEUM,    New.    law    in    Mexico.     Psfr. 

World  (Sept.,  1918)  16,  390-2.     Serial. 

PETROLEUM  prospects,  Montana.  Petr.  Rew. 
(Sept.  21,  1918)  39,  183. 

PETROLEUM,     Search     for     home-produced. 

E.  H.  C.  Oaig,  Petr.  Rev.  (Sept.  7.  1918) 

S9,  149.     Letter. 
PETROLEUM,   Storage  of.     Engng.   (Sept.  20, 

1918)  106,  303-5. 

PETROLEUM,  Supplies  of,  in  Bavaria.  Petr. 
Re9.  (Sept.  14,  1918)  89,  167. 

PETROLEUM  under  the  microscooe.  J.  Scott, 
Petr,  World  (Sept.,  1918)  IS,  378-9. 

PETROLEUM,  Utilising  our  own,  resources. 
Petr.  Ret.  (Aug.  3,  1918)  SO,  73-4. 

RANGER  to  the  Gulf,  Prairie  will  build  a  12-ineh 
pipe  line.     Oil  Tr.  Jnl.  (Oct.,  1918)  9,  4. 

RECOVERY,  from  oil  sands,  Method  of  increas- 
ing. J.  O.  Lewis.  Petr.  Ret.  (July  27,  1918) 
39,  77-^3.     Serial. 

RECOVERY  of  gasoline  from  natural  gas.  W. 
P.  Dykema,  /  Hr.  Re  .  (Pept.  7. 1918)  tS,  167- 
9:  (Sept.  28.  1918^  39,  205-7.     SeriaL 
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ROYAL  Dutch  Petroleum  Company.     Psfr.  J2st. 

(Aug.    31.     1918)    S9,    133^.     Report    of 

Managing  Directors  for  1917. 
SHALE  oil  industry.  Commercial  aspects  of  the 

American.    J.  H.  O.  Wolf.  Petr.  Rev.  (Aug. 

81,  1918)  S9,  141-2. 
SHALE  oil  industry.  Vertical  retort  of  the.    G.  T. 

M.   Killop.   Chem.    Newe   (Aug.   30.   1918) 

280-1.     Papm'  read  before  Scottish  Junior 

Gas    Ass.    Westn.    District.    From    Chem. 

Bngng.,  May,  1918. 
SMALL  oil  producer  and  excessive  taxation.    C. 

O.    Horner,    Oildom   (Oct.,    1918)    8,   784. 

Letter. 
TAXATION.    Report    by    committee.    H-    L. 

Doherty,  Oildom  (Oct..  1918)  8,  784-6. 

TEXAS  domes.  Origin  of.     E.  T.  Durable,  BuO. 

Am.  Inst.  Min.  Engrs.  (Oct..  1918)  162W6. 

Discussion  of  paper  by  E.  L.  De  Golyer. 

BuU.  137,  May,  1918. 
VACUUM.  Application  of,  to  oU  wdb.    F.  P. 

Peterson.  Petr.  Rev.  (Aug.  3,  1918)  S9, 75-6. 

WATER  troubles  in  the  mid-oontincnt  oQ  6el^ 
and  their  remedies.  D.  Hager  and  G.  W. 
McPherson.  Bull.  Am.  Inst.  Min.  Engra. 
(Oct.,  1918)  1621-7. 

METALLURGT  OF  IRON  AND  STEEL 

(See  also  Ore-dressing  and  PreparaUon  of  Coal 
Coal  and  Coke,  Metallurgy  of  Non-ferrous 

Metals) 

ACID  refractory  materials  and  methods  of  esti- 
mation, important  physical  ivopertieB  of. 
G.  E.  Foxwell,  Engng.  A  Min.  JnL  (Sept. 
38,  1918)  106,  565-8. 

ACID  vs.  basic  steel  for  castings.  E.  F.  Cone, 
Iron  A  Steel  of  Can.  (Oct.,  1918)  1,  361-3. 

AEROPLANE  construction,  Metals  used  is- 
W.  J.  May,  Sd.  Am.  Sup.  (Oct.  26, 1918)  Si» 
262—^ 

ALLOY  steel.  C.  p.  Wills,  U.  8.  Pat.  1278tW. 
Off.  Oat.  (Sept.  3.  1918)  SS4,  204. 

ALLOYS,  Relative  corrosion  of.  R.  B.  Fdv. 
Jnl.  Am.  Soc.  Meeh.  Engrs.  (Oct..  1918) 
40,  829-33.  Abe.  of  paper  to  be  presented 
at  Dec..  1918.  meeting  of  the  A.  8.  M.  E. 

APPARATUS  for  the  quick  testing  of  metab. 
Quelques  appareils  pour  I'essai  ramde  des 
m^tauz.  BuU.  Teeh.  Suieee  Rom.  (SeoL  7, 
1918)  44,  170-2;  (Sept.  21.  1918)  44,  179-80. 
Serial. 

BASIC  steel,  Influence  of  some  elements  on  te* 
nacity  of.  A.  McWiliiam,  Iron  ft  Steel  Inst. 
Advance  copy  No.  13  (Sept.  12,  1018)  1-13; 
Bngn^f.  (Sept.  20.  1918)  106,  315-«. 

BLAST  furnace  gas.  Importance  of.  EdiiorisL 
Iron  Tr.  Ret.  (Oct.  10,  1918)  <S,  813. 

BOILER  plates.  Cause  of  failure.  W.  Roseahsis 
and  D.  Hansen,  Canad.  Maehy.  (Oct.  3. 1918) 
SO,  393-6;  Marine  Engng.  Can,  (Sept..  191S) 
8,225-8. 

BOSH  tuyeres.  Notes  on.  J.  HoUings.  Iron  k 
Steel  Inst.  Advance  copy  No.  8  (Sept.  12. 
1918)  1-9;  Abe.,  Iron  A  Coal  Tr.  Rev.  (Sept 
20,  1918)  97,  320-1. 

CALCIUM  cyanamid.  Case-hardening  <rf  mctsk. 
P.  W.  Shimer.  U.  S.  Pat.  1279457.  Off.  Gt. 
(Sept.  17.  1918)  SS4,  629. 

CANADIAN  National  Steel  Plant.  W.  F.  Suth- 
erland. Canad,  Foundryman  (Aug.,  1918)  9, 
169-75. 

CARBIDE  in  iron.  Iron  A  Coal  Tr.  Rev,  (Sept 
27.  1918)  97,  345. 

CASE-hardening  of  metals.  P.  W.  Shimer,  U.  S. 
Pat.  12794^.  Off.  Gov.  (Sept.  17.  1918)  SS4, 
629. 


BULLETIN,  A.  1.  M.  E.— ADVERTISING  SECTION 


SlhCT-Lud,  Copper  uhI  Pyiltk  Smiling  Work*.  Sampling  Woriu,  Copper  BoMMcrii- 
Ing  Plinb,  Rock  Cnuhing  PlMtti,  Stomp  MIIU,ChtoriMtloii  MUb,  Cyankk  MIIU,  C«)nMl 
MilU.  Timber  Cr«OMtlnt  PUnU,  Mint  Equipm*M.Or*  Drying  Muhlncry,  Power  Truu. 
mbtlon  Machlntiy.  AppwabM  lor  Pulvaiiikg  aiMi  Burning  CmI  lor  InduitrUI  PurpoMi. 
Woodbury  Syitem  ol  ConccMralloii.  hdinct  farral  Md  CyuUde  Tank*.  LMmte-Ptttl- 
bone  Gm  Gtnentora,  Suction  Gm  PUnb  end  OU  EnghiM. 

Writ*  foe  Candeo  Orra  tb*  Ab*T*  SobtMH. 


SUPERIOR  McCULLY  GYRATORY  CRUSHERS 
OUR  NEW  DESIGN  (PiUntcd) 

The  Last  Word  b  Gyntory  Cniihcr  CooiUuc- 
tlon,  Life  of  "Eccentric  and  Gean"  Lengthened 
"mo%,"  Became  All  "Duit  and  Grit"  la  Absolute- 
ly Exduded  and  "Cut  Gean"  run  "Quietly  in  Oil," 
Main  Shaft  6a  %  Stronger  tban  any  Gyratory  of 
Correapondiog  Oixniiig;  Area  of  Eccentric,  ioo% 
Greater  than  any  Machine  of  Equal  Sice. 

CMpaeilitt — 30  to  1000  torn  per  hour,  built  in 
lizet  from  10"  to  54"  opening.  Ask  for  Bulletin 
of  tbi«  new  madiine. 

SUPERIOR  JAW  CRUSHERS 

We  were  the  Pioneer  BuUden  of  Large  Jaw 
Cniahen — Have  Mote  Large  Machines  In  Opera- 
tion than  all  other  Manufacturers  Combined — Re- 
peat Orden  (or  84"  x  60"  Machbei  from  Chile 
Copper  Co.;  Chino  Copper  Co.;  Hardaway  0>.; 
Luossavaara  Kurunavaara  Aktiebolag.  Built  in 
siiei  from  36"  %  14"  to  84"  1 66".  CapacUUt — 70 
to  600  ton  per  hour.     Ask  for  Bulletin  No.  44. 

COPPER  CONVERTERS  GT.  FALLS  TYPE 

Manufactured  In  two  distinct  deslgni,  known  as 
the  Cananea  or  Copper  Queen  type,  and  the  Ana- 
conda type.  Both  designs  iumisned  with  side  or 
vertical  blow  topi,  of  any  desired  diameter  opening. 
Number  of  tuyeres  may  range  from  10  to  18,  as 
dedred.  Blast  connection  may  be  placed  on  either 
ude  of  coDvertei. 

GARFIELD  CRUSHING  ROLLS 

Eactured  in  a  wide  range  of  dica,  to  meet 
the  requirements  of  discriminating 
c      engineers,  who  demand  an  esceptlon- 
P     allyeffidentand worthydeaign.  Most 
f      sizes  of  Garfield  Rolls  so  constructed 
V       as  to  permit  the  use  of  ntritM  toll    ' 
shells.     A  wide  range  of  standard  de- 
igns, and  alM  several  special  types  equipped  with  heavy,  fly-wheel  type  pulleys. 


WORTHINGTON  PUMP  AND  MACHINERY  CORPORATION 
1 1 5   Broadway,    •    New  York 

Power  and  Mining  Machinery  Works.       ■       ■       Cudahy,  Wis, 

(Pleua  manUon  thia  bullitih  wbea  mitina  kdvertisert.]  (17 
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CAST  shell.  Toronto  man  believes  he  has  solved 
the  making  of  the.  Canad.  Machy.  (Oct.  3, 
1018)  SO,  404-5. 

CAST-steel  chain  cables.  Manufacture  of.  Steam- 
ship (Oct.,  1918)  SO,  00-1. 

CAST-eteel  chains  in  U.  8.  A.,  Making.  Fabri- 
cation des  chaines  en  aoier  ooul4  aux  £2tats- 
Unis.    Ginie  Civil  (Oct.  12,  1918)  7S,  20&-6. 

CASTING  metals.  F.  W.  Stokes,  British  Pat. 
117646.  III.  Off.  Jul.  (Sept.  18,  1018)  2066; 
British  Pat.  117800.  British  Pat.  117801. 
III.  Off.  Jnl.  (Sept.  25,  1018)  2121. 

CASTINGS,  How  to  insure  soundness  of.  E. 
Touceda,  Iran  Tr.  Rm.  (Oct.  10,  1018)  SS, 
841-2.  From-  a  paoer  presented  at  Am. 
Foundry  men's  Ass..  Oct.  7-11. 

CASTINGS,  Marine  engine.  Canad.  Foundry 
man  (Aug.,  1018)  9,  178. 

CHEMIST  and  metallurgist  in  the  foundry.  F. 
£.  Gardner,  Canad.  Foundryman  (Sept., 
1018)  9,  206-11. 

COOLING  of  steel  in  ingot  and  other  forms.  J. 
E.  Fletcher,  Iron  dt  Steel  Inst.  Advance  copy 
No.  6  (Sept.  12,  1018)  1-40;  Abs..  Iron  <fe 
Coal  Tr.  Rev.  (Sept.  20.  1018)  97,  316-«. 

CRUCIBLE  furnaces.  L.  C.  Harvey,  British 
Pat.  118346.  IlL  Off.  Jnl,  (Oct.  16,  1918) 
2333. 

CUTTING  of  iron  and  steel  by  oxygen.  XVIII. 
M.  R.  Amedeo,  Aeet.  Weld.  Jnl.  (Aug.,  1918) 
16,  140-1.     Serial. 

ELECTRIC  arc,  Process  and  apparatus  for  re- 
ducing metals  by  the.  J.  G.  Webb,  Proc6d6 
et  appareil  pour  r^duire  lea  m6taux  par 
r inter m6diaire  d*un  arc  ^lectrique.  French 
Pat.  487493.  Bull.  Off.  PropriiU  tndutt. 
(May  2,  1918)  61. 

ELECTRIC  furnace  in  the  steel  casting  industry. 
W.  E.  Moore,  Elect.  Jnl.  (Sept.,  1918)  18, 
331-2. 

ELECTRIC  furnace  problems.  Notes  on.  J.  L. 
McK.  Yardley,  Bull.  Am.  Inst.  Min.  Engrs. 
(Oct..  1918)  1593-8. 

ELECTRIC  furnaces,  Calculation  of  high  tension 
transformers.  R.  Jacquot,  fitude  sur  le 
calcul  de  transformateurs  i  forte  inteiteit^ 
pour  fours  ^lectriques.  Rev.  Oen.  Elec.  (Oct. 
12,  1918)  4,  523-36. 

ELECTRIC  furnaces.  H.  Wade,  British  Pat. 
118357.     III.  Off.  Jnl.  (Oct.  16,  1918)  2338. 

ELECTRIC  furnaces,  New.  Elect.  Rev.  [Lon- 
don! (Sept.  20,  1918)  6S,  266-8.     Serial. 

ELECTRIC  steel.  Future  of.  J.  A.  Mathews, 
Iron  Aae  (Oct.  10.  1918)  IDS,  884.  Abs. 
from  address  before  Am.  Electroohem.  Soc., 
Oct.  1.  1918. 

ELECTRIC  steel  making.  A.  V.  Farr,  Am. 
Machiniet  (Oct.  24,  1918)  49,  753-5.  Abs. 
of  paper  presented  before  Am.  Drop  Forge 
Ass.,  June.  1918. 

ELECTRICAL  plant  in  steel  works.  M.  Mere- 
dith. Power  Plant  Engng.  (Oct.  15,  1918)  SS, 
846-8. 

ELECTRICALLY  welded  ships*  advent.  NatU. 
Gax.  (Oct.  26.  1918)  94,  230.      | 

ELECTRICALLY  welded  ship.  First,  launched. 
Elect.  News  (Oct.  1,  1918)  S7,  30-1. 

ELECTRICITY  and  steel  testing.  Elect.  Rev. 
[London]  (Sept.  20.  1918)  83,  267. 

ELECTRODES  for  electric  furnaces;  Their  manu- 
facture, properties,  and  utilization.  J.  Es- 
card.  Oen.  Elect.  Rev.  (Oct..  1918)  SI,  664-71. 
Serial. 

ELECTROSTATIC  precipitation.  Bull.  Am. 
Inst.  Min.  Engrs.  (Oct^  1918)  1553-7.  Dis- 
cussion of  paper  by  O.  H.  Eschhols.  Bull. 
140. 
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EQUIPMENT,  Mechanical  and  electrical,  of  a 
southern  steel  mill.  Southern  Engr.  (Oct., 
1918)  80,  36-43. 

FORGING  the  U.  S.  75-milUmetre  shelL  Ma- 
chinery (Sept.  12,  1918)  IS,  655-62. 

FORCINGS,  Ch'ganising  for  the  production  of. 
J.  H.  Rodgers,  Canad.  Machy.  (Oct.  3,  1918) 
SO,  381-5.    . 

FERRO-alloys,  French  electrometallurgy  of.  M. 
G.  Widmer,  HouilU  Blanche  (July,  Aug., 
1918)  17,  256-65. 

FERRO-alloys.  J.  W.  Richards,  Chem.  db  Met. 
Engng.  (Sept.  28,  1918)  19,  501-4.  Paper. 
Mfi-e.  Ree.  (Oct.  3,  1918)  74,  94.  Abs.  paper 
presented  at  Natl.  Exposition  of  Chem.  Ind. 
N.  Y..  Sept.  27.  1918. 

FERRO-alloys  in  the  electric  furnace.  Manufac- 
ture of.  R.  M.  Keeney,  Min.  Jnl.  (Sept.  21, 
1918)  ISS,  559-60;  (Sept.  28.  1918)  ISS,  566. 
From  Bull.  140.  A.  I.  M.  E. 

FERROMANGANESE  and  other  means  of  re- 
duction. C.  Sutor,  Ferromangan  und  andere 
Desoxydationsmittel.  Prometheus  (Jan.  1, 
1918)  S9, 53-4.  From  paper  by  F.  H.  Willeox. 
Bull.  122,  A.  I.  M.  E. 

FERRO-molybdenum,  Process  of  making.  E.  H. 
Wesding  and  C.  Anderson,  U.  S.  Pat. 
1278408.     Off.  OoM.  (Sept.  10, 1918)  SM,  317. 

FOUNDRY  sand  mixtures.  Improving.     H.  B. 
.     Hanley,  Iron  Tr.  Rev.  (Oct.   17,  1918)  6S, 
891-4.    From    paper    presented    at     Am. 
Foundrymen's  An.,  Oct.  7,  1918. 

FOUNDRYMEN'S  iron  problem.  C.  J.  Sterk. 
Iron  Tr.  Rev.  (Oct.  17,  1918)  M,  895-8. 

FRENCH  metallurgy,  its  past  and  its  future. 
L.  GuiUet.  M^tallurgie  Frangaise,  son  pass^ 
et  son  avenir.  Mem.  Soc.  Ingen.  Civ.  France 
(Apr.,  June,  1918)  71,  208-26. 

FUEL  economy  in  blast  furnace  practice.  T.  C. 
Hutchinson,  Blast  Fur  db  Aeel  Plant  (Oct.. 
1918)  S,  419-20.  Conclusion  of  paper  read 
before  British  Iron  A  Steel  Inst. 

FURNACES  for  open  annealing.  W.  J.  May, 
Mech.  World  (Sept.  6,  1018)  •4,  115-6. 

GALVANIZING.  Modern  practice  in:  Manufac- 
ture of  steel  sheets.  C.  F.  Poppleton,  M^al 
Ind.  (London!  (Sept.  27.  1018)  IS,  201-2. 
Serial. 

GAS  heated  melting  furnaces.  Fours  de  fusion 
chauff^  au  «a8.     Mitallurgie  (Oct.  2,  1013) 

50,  1453. 

GERMAN  iron  and  steel  industries.  Iron  dt 
Coal  Tr.  Rev.  (Oct.  11,  1018)  97,  404. 

GERMAN  ironmasters.  Claims  of.  Nature  (Aug. 
1,  1918)  101,  435-6. 

GRAIN  growth  in  metals.  Z.  Jeffries.  Engng. 
(Sept.  20,  1918)  106,  328^0.  Serisl. 
Discussion,  306-7.  Engr.  [London]  (Sept. 
20,  1918)  ISS,  250-1,  Abs.  Metal  Ind. 
[London]  (Sept.  20,  1918)  IS,  186-n8.  Abs. 
Read  before  Inst,  of  Metals,  Sept.,   1918. 

QREY  cast  iron,  Method  for  the  prevention  of 
growth  in.  J.  E.  Hurst,  Iron  ft  Steel  Inst. 
Advance  copy  No.  10  (Sept.  12,  1918)  1-5; 
Iron  db  Coal  Tr.  Rev.  (Sept.  20,  1918)  97.  323; 
(Sept.  27,  1918)  97,  348;  Engng.  (Sept.  20, 
1918)  106,  323-4.  Discussion.  Read  before 
Iron  A  Steel  Inst.,  Sept.  12.  1918. 

HARDNESS  of  metals.  Testing  by  the  Boyelle- 
Morin  apparatus.  C.  J.  B.  Cooke,  Proc. 
Inst.  Mech.  Engrs.  (May,  1918)  331-3. 

HARDNESS  of  soft  iron  and  copper  compared. 
F.   C.   Kelley,  Gen.  Elect.  Rev.  (Oct..  1918) 

51,  672-3. 

HARDNESS  testing,  Report  on;  Relation 
between  ball  hardness  and  scleroscope  hard- 
ness. A.  F.  Shore,  Iron  A  Steel  Inst.  Advance 
copy  No.  15  ^Sept.  12,  1918^  1-20;  Iron  db 
Coal  Tr.  Ret.  (Sept.  28,  1918)  97,  362-4. 
Abs. 
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The  WILFLEY  Concentrating  Tabic 
With  CONCRETE  Foundations! 


Bo.  II  Wilfley  Designed  for  Hountliig  on  Concrete  Foundation 


Another  Improvement  Added  to  the  Famous  Pioneer 
Concentrating  Table 

As  an  aid  in  the  conserva-  Only  a  Wilfley  Table  could 
tion  of  steel  the  No.  ii  carry  such  improvements 
Wilfley  has  been  designed  for  without  radical  changes  in 
mounting  on  concrete  founda-  design.  Where  concrete  is 
tions.  available  the  savings  in  pur- 

chase of  the  No.  II  Wilfley 

Shipping  weight  only  2000     are  threefold, 
lbs.  First — Saving   in   first 

cost. 

The  new  Wilfley  maintains        Second — Saving  in  ship- 
the  old  Wilfley  principles  and    ping  charges. 
the   same  Wilfley  efficiency        Third — Saving  in  erec- 
both  in  mechanical  construe-    tion  charges. 
tion  and  metallurgical  opera-        The  Wilfley  always  leads 
tion.  .  — others  foUow. 

No.  5,  No.  6,  No.  9,  No.  10 

Note  the  extreme  simplic-  Wilfleys  are  also  available  for 
ity  of  the  understructure.  prompt  shipment. 

Manufactured  and  sold  only  by 


The  Mine  and  Smelter  Supply  Co* 

A  Service  Station  Within  Reach  of  You 

Denver  Salt  Lake  City  El  Paso 

New  York  Office:  42  Broadway 


■  whan  writing  adTartiMn.] 
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HARDENED  steel,  On  the  rate  of  chan;ie  at 
100"  C.  and  at  ordinanr  temperaturee  in  the 
electrical  resistance  of.  E.  D.  Campbell, 
Iron  A  Steel  Tost.  Advance  covy  No.  2  (&ept. 
12,  191S\  1-6. 

HEAT  treatment  of  castings  of  spedal  steeb. 

F.  G.  Turin,  U.  S.  Pat.  1279533.     Off.  Gom. 
(Sept.  24,  1918)  SU,  873. 

HEAT  treatment  of  die  blocks.    O.  Peterson,  Ry. 

Jul  (Oct.,  1918)  14,  24-7.    From  paper  read 

at  Drop  Forgers  An. 

HEAT   treatment   of  long   pieces.    Continuous 

furnace.     Soci£t4    Ch.    M.    Stein    ft    CJie. 

Four  continu  pour  les  tr^itements  thermi- 

ques     des     pieces     longues.     French     Pat. 

487418.     BuU,  Off.  PropriUi  Indtut,  (May 

2,  1918^  60. 

HEATING  device  for  metal-melting  crucibles' 

G.  L.  Fort,  U.  S.  Pat.  1279682.     Off,  Gas- 
(Sept.  24,  1918)  t64,  717. 

HOLTjOW  inffot  and  method  of  making  same. 
F.  D.  Carney.  U.  8.  Pat.  1277643.  Off.  Qaz. 
(Sept.  3,  1918)  SB4,  58. 

HOT-deformation,  Influence  of,  on  the  qualities 
of  steel.  G.  Charpy,  Iron  ft  Steel  Inst. 
Advance  copy  No.  4  (Sept.  12,  1918)  1-19. 
Engnu.  (Sept.  20,  1918)  109,  310-4:  Discus- 
sion 321-2:  Enor.  [London]  (Sept.  20,  1918) 
186,  238-9.     AU. 

IMPACT  testing.  E.  P.  Goooh,  EUct.  Jnl.  (Oct., 
1918;  19,403-4. 

INGOT  mold.  W.  8.  Potter,  U.  S.  Pat.  1278206- 
Off.  Oat.  (Sept.  10,  1918)  864,  263. 

INSTALLATION  and  care  of  large  electrical 
apparatus  for  steel  mills.  O.  Needham, 
Sleet.  Jnl.  rSept.,  1918)  16,  333-6. 

IRON  alloy.  H.  K.  Sandell,  U.  8.  Pat.  1279448. 
Off.  Gat.  (Sept.  17.  1918S  894.  626. 

IRON  and  steel  after  the  war.  German  oninions. 
Echo  d  Minee  (Sept.  22,  1918)  No.  2592,  477. 

IRON-«arbon  equilibrium  diagram  and  its  prac- 
tical  usefulness.  H.  C.  H.  Carpenter, 
Trana.  Inst.  Naval  Arch.  (1918)  60,  83-111. 

IRON.  III.  From  the  history  of  metals.  O. 
Beohstein,  Aus  der  Geschichte  der  Metalle. 
Eisen.  PromHheun  (Feb.  23,  191 R)  89,  206-7: 
(Mar.  2.  1918)  89,  215-7.     Serial. 

IRON.  Problema  siderurgico.  J.  CoU,  Madrid 
Cxentifico  (Aug.  25.  1918)  89,  409-11;  (Sept. 
5,  1918)  89,  427-«. 

MAGNETIC  analysis  as  a  means  of  studying  the 
structure  of  iron  alloys.  K.  Honda,  Iron  ft 
Stool  Inst.  Advance  copy  No.  9  (Sept.  12. 
1918^  1-43. 

MAGNETIC  iron  product  and  method  of  making 
same.  T.  D.  Yensen,  U.  S.  Pat.  1277523. 
Off.  Oat.  (Sept.  3,  1918)  894,  53. 

MAGNETIC  iron  product.     U.  S.  Pat.  1277624- 
Off.  Oat.  (Sept.  3,  1918)  894.  53. 

MALLEABLE  cast  iron,  British  and  American. 
T.  Turner,  Iron  Age  (Oct.  17,  1918)  108. 
970-3.  From  paper  read  before  West  of 
Scotland  Iron  ft  Steel  Inst.,  Mar.,  1918. 

MALLEABLE  iron  vs.  wrought  iron  castings. 
M.  Meredith,  Canad.  Foundrytnan  (Sept., 
1918)  9,  215. 

MALLEABLE  reports  for  examination.  H.  A- 
Sch warts,  Iron  Tr.  Rev.  (Oct.  17,  1918) 
63,  899-004.  From  a  paper  presented  before 
Am.  Foundrymen's  Ass. 

MALLEABLEIZING  cast  iron.  Selas-Turner 
Co.,  British  Pat.  117696.  lU.  Off.  Jnl. 
(Sept.  18,  1918)  2085. 

MANGANESE,  Extracting,  from  lean  ores. 
Process.  E.  W.  Haslup,  U.  S.  Pat.  1279108. 
Off.  Oat.  (Sept.  17.  1918)  894,  534. 

MANGANESE  steel.  Producing  wrought  shapes 
of.  W.  S.  Potter.  U.  S.  Pat.  1278207.  Off. 
Oat.  (Sept.  10,  1918)  894,  263. 
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MAN  power,  Saving,  in  the  foundry.  E.  B. 
Carman,  Iron  Tr.  Rev.  (Oct.  10,  1918) 
6S,  827-33.  Paper  presented  at  Am. 
Foundryman*s  Ass.,  Oct.  7-11. 

MELTED  iron  entering  mold.  Computing  the 
momentum  of.  A.  M.  Older,  Conad. 
Foundrytnan  (Sept.,  1918)  9,  203. 

METAL-hardening  furnaces:  charging  and  dis- 
charging. Artiebolaget  Svenska  Kullager- 
fabriken.  British  Pat.  117620.  Itt.  Off. 
Jnl.  (Sept.  18,  1918)  2056. 

Metal  problems  in  Germanv  at  war.  Probl^me 
des  m6tauz  dans  raliemagne  en  guerre. 
MUaux  AU.  Mack.  (Aug.,  1918)  1-3. 

METALLOGRAPHY  and  the  war.  Zay  Jeffries, 
Chem.  A  Met.  Engng,  (Sept.  28,  1918}  19, 
518-9. 

METALLURGICAL  analysis,  speeding  up.  H. 
C.  Parish,  Chem.  A  Met.  EnmH/,  (Sept.  28, 
1918)  19,  505-8. 

METALLURGICAL  fumaoe  with  oontinuing 
feed.  Soci6t4  Loy  ft  Aub4.  Four  m^tal- 
lurgique  k  cheminement  progressif  et  con- 
tinu de  matidre  k  traiter.  French  Pat. 
487289.  Bull.  Off.  Propria  IndueL  (Apr. 
18,  1918)  88,  52. 

METALLURGICAL  notes.  W.  G.  Dauncey. 
BuU.  Canad.  Min.  Inst.  (Oct.,  1918)  856-^. 

MOLTEN  cast  iron.  Laws  governing  the  fluidity 
of.  M.  Ridell,  Canad.  Foundryman  (Sept., 
1918)  9,  221-^. 

NON-METALLIC  inclusionst  their  constitution 
and  occurrence  in  steel.  A.  McCanoe,  Iron 
db  Steel  of  Can.  (Oct.,  1918)  1,  374  et  seo. 
Serial.     From  Iron  ft  Steel  Inst..  May,  1918. 

OPEN-hearth  f\irnaee  design.  Principles  of.  C. 
H.  F.  Bagley,  lion  ft  Steel  Inst.  Advance 
copy  No.  1  (Sept.  12,  1918)  1-19;  Iron  db  Coal 
Tr.  Ret.  (Sept.  27.  1918)  9T,  356.  Discus- 
sion. 

OIL  fuel.  Use  of,  in  the  foundry  in  urgent,  excep- 
tional circumstances.  A.  E.  Plant,  Page^e 
Engng.  Wkly.  (Sept.  27,  1918).  S8,  148-0. 
Paper  read  before  Inst,  of  Metals.  Sept., 
1918. 

ORDNANCE  steel  castings.  How  to  make.  E. 
R.  Swanson,  Iron  Tr.  Rev.  (Oct.  10.  1918)  68, 
836-7.  Presented  to  Am.  Foundrymen's 
Ass.,  Oct.  7-11. 

ORDNANCE  steel  for  army  and  navy.  J.  H. 
Hall.  Iron  Tr.  Rev.  (Oct.  10.  1918)  68,  834-6. 
From  a  paper  prewnted  at  Am.  Foundry- 
men's  Ass.,  Oct.  7-11. 

PATTERNS.  Making  of  better.  £.  Sheldon, 
Am.  Machinist  (Oct.  3.  1918)  49,  617-20. 

PHOSPHORUS  in  malleable  cast  iron.  J.  H. 
Teng,  Iron  ft  Steel  Inst.  Advance  copy  No. 
16  (Sept.  12,  1918)  1-19. 

PICKLING  iron  and  steel.  J.  H.  Gravell,  U.  S. 
Pat.  1279331.  Off.  Oat.  (Sept.  17,  1918)  894, 
595. 

PIPE,  New  form  of.  Lieutenant  G'^rin,  D'une 
forme  nouvelle  de  la  retaasure.  Bull.  Compt. 
Rend.  Soc.  Indust.  Min.  (1st  part,  1918)  IS, 
109-114. 

POTASH  as  a  byproduct  in  iron  and  cement  pro- 
duction. J.  S.  Grasty,  Mfrt.  Ree.  (Oct.  3, 
1918)  74,  82-3. 

POTASH  from  blast-furnace  gas.  Gat  Wld. 
(Aug.  3,  1918)  69,  13. 

POTASH,  Recovery  of,  from  iron  blast  furnaces 
and  cement  kilns  by  electrical  precipitation. 
L.  Bradley,  Jnl.  Irui.  db  Engng.  Chem.  (Oct. 
1,  1918)  10,  834-9. 

PREHEATED  sir.  Efficiency  of.  Power  PlarU 
Engng.  (Nov.  I,  1918)  88,  876-7. 

PREPARATION  in  the  electric  furnace  of  some 
metals  used  industrially.  J.  Escard,  Rev. 
Gen.  Elect.  (Sept.  14,  1918)  4,  875-86. 
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Pulverized  Coal  [quipment 


Amontf  some  o(  the  plants  using  our  Pukrerised  Coal  Equipment  (or  heating 
Industrial  Furnaces  and  Steam  Boilers  are  the  following: 

American  Iron  &  Steel  Co..  Open  Hearth,  Puddling  and 

Heating  Fumacea. 
American  Locomotive  Worka,  Steam  Boilera. 
American  Smelting  &  Refining  Co.,  Reverberatoiy  Fur- 


American  Steel  &  Wire  Co.,  Open  Hearth  Fumacea. 
American  Steel  &  Wire  Co.,  Heating  Fumacea. 
Atchiaon,  Topeka  &  Santa  Fe  R.  R..  Locomotivea. 
Atlantic  Steel  Company,  Open  Hearth  Fumacea. 
Aah  Grove  Lime  &  Portland  Cement  Co.,  Steam  Boilers. 
Bethlehem  Steel  Co.,  Open  Hearth  Fumacea. 
Choctaw  Portland  Cement  Co..  Steam  Boilera. 
Inland  Steel  Co.,  Heating  Furnaces* 
Lackawanna  Steel  Co.,  Calcining  and  also  Flue  Dust 

Nodulizing  Kilns. 
M.  K.  &  T.  Railroad,  Steam  Boilers. 
Milwaukee  Electric  Light  &  Power  Co.,  Steam  Boilers. 
Nichols  Copper  Company,  Smelter. 
Pacific  Coast  Coal  Co.,  Steam  Boilers. 
Pittahurgh  Malleable  Iron  Co..  Malleable  Fumacea. 
Sixer    Forge  Company,  Heating  and  Forging  Furnaces 

&  Steam  Boilers. 
Scranton  Bolt  &  Nut  Co.,  Heating  &  Puddling  Furnaces. 
Spanish-American  Iron  Co.,  Ore  Roasting  &  Nodulizing 

Kilns. 
Stone  &  Webster  Co.,  Steam  Boilers.  Union  Carbide  Company,  Lime  Kilns. 

United  Verde  Ext.  Mining  Co.,  Reverberatory  Fumacea  &  Steam  Boilers. 

Practically  all  the  Cement  Plants  in  the  United  States  and  Canada  have 
installations  of  Fuller  Mills. 

Some  of  the  above  plants  are  iisinff  Pulveiized  Coal  containing  from  zo% 
to  17%  of  ash  for  heating  their  metallurgical  fnmaces. 

Poller  Mills  are  today  pulverizing  over  35,000  tons  of  coal  per  day  for 
heating  various  types  of  furnaces. 

The  satisfactory  perfonnance  of  our  Pulverized  Coal  Equipment  warrants  your 
investigation.  We  manufacture  Coal  Crushers,  Dryers,  Fuller-Lehigh  Pulverizer 
Mills,  and  Pulverized  Coal  Feeders.  All  this  equipment  is  described  in  our 
Catalogue  No.  71  which  we  %vill  be  pleased  to  send  you. 

We  also  specialize  in  the  manufacture  of  lining  plates  for  tube  mills,  pebble  mills, 
ball  mills,  screen  plates,  chute  liners,  and  all  castings  subject  to  abrasive  action. 
Inquines  covering  equipment  of  this  kind  will  receive  our  prompt  attention. 


FULLER-LEHIGH  COMPANY 

Main  Offices  and  Works:  Fullerton,  Pa.,  U.  S.  A. 

BRANCH  OFFICES! 

New  York,  N.  Y.,  50  Chirch  St.;  Chkafo,  III.,  McCeniikk  BM|.;    ParMOS,  Kan.,  First  Nat.  Bank  Bidf. 


[PImm  mention  this  •VLLsnif  wh«n  writing  adrertiMn.l 
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PROCESS  and  urangemdnt  for  reduotioii  of  ores. 
O.  C.  Bfickman,  Verfahren  und  Einrichtung 
lur  Reduktion  von  Enen.  Swiss  Pat.  78963. 
PaUrU-Liate  (1st  half  July,  1918)  142. 

REACTION  between  pure  carbon  monoxide  and 

Sure  electrolytic  iron  below  the  Al  inversion 
ome  experiments  of  the.     H.  C.  H.  Carpen- 
ter, and  C.  C.  Smith,  Iron  St  Steel  Inst.     Ad- 
tance  cojn/  No.  3  (Sept.  12,  1918)  1-53. 

REFRACTORY  materials,  Standardisation  of 
tests  for.  C.  Johns,  Iron  St  Steel  Inst.  Ad- 
vance copy  No.  11  (Sept.  12.  1918)  1-32. 

RESISTANCE  of  metals  to  penetration  under 

^    impact.     A.  Edwards,  Metal  Ini.  (Iiondon] 

(Sept   13,  1918)  IS,  167-71;  (Sept.  20,  1918) 

18, 193-4;  Engno.  (Sept.  13, 1918)  106, 285-9; 

*       Proc.  Inst.  Mech.  Engrs  (May,  1918)  336-69. 

RINGS,  Casting,  in  centrifugal  machine.  E.  F. 
Cone,  Iron  Age  (Oct.  3,  1918)  lOS,  801-7. 

ROLLING  mill.  Electrically  driven.  H.  Her- 
manns. Eisenwalswerke  mit  elektrischem 
Antrieb.  PrometKeua  (Deo.  1,  1917)  19,  97- 
101;  (Dec.  8, 1917)  29, 111-3;  (Deo.  15, 1917) 
19,  124-8. 

ROLLING  mill.  U.  S.  Pat.  1278136.  Off.  Oom. 
(Sept.  10,  1918)  IM,  244. 

ROLLING  mill.  V.  E.  Edwards,  U.  8.  Pat. 
1278616.  U.  8.  Pat.  1278617.  Off,  Qaz. 
(Sept.  10,  1918)  164,  373. 

ROLLING  mills.  Apparatus  for  handlixijK  metals. 
E.  W.  Davies,  Appareil  pour  manipuler  les 
blocs  de  m^tal  dans  lee  lamineries.  French 
Pat.  487348.  BuU,  Off.  ProprUU  Induet. 
(Apr.  25,  1918)  57. 

ROLLING  mills.  Stewart  &  Co.,  British  Pat. 
117863.     lU.  Off.  Jnl.  (Sept.  26,  1918)  2146. 

SAND-oast  forging  ingot,  Development  of.  W. 
L.  Booth,  Metal  Tr.  (Oct.,  1918)  9,  404-5. 

SAND,  Much  depends  on  securing  suitable. 
Canad.  Poundryman  (Aug.,  1918)  9,  176-7. 

SEMI-steel  projectiles.  Making.  Iron  Age  (Oct. 
10,  1918)  101,879-83. 

SEMI-eteel  shells  leading  topie.  Iron  Age  (Oct. 
17.  1918)  101,  955-7. 

SEMI-steel,  tracing  the  development  and  use  of. 
Canad.  Poundryman  (Sept.,  1918)  9,  218. 

SHELLS.  Government  requires  millions  of  cast. 
Foundry  (Oct.,  1918)  46,  441-2. 

SLUG-casting  machine.  T.  W.  Johns,  U.  S.  Pat. 
1277598.     Off.  Qaz.  (Sept.  3,  1918)  164,  73. 

SMELTING  and  refining  at  the  Bunker  Hill 
Plant.  C.  T.  Rice,  Enong.  A  Min.  Jnl.  (Oct. 
26,  1918)  106,  743-0. 

STEEL  (chromium).  P.  R.  Kuehnricb,  U.  S. 
Pat.  1277431.  Off.  Gas.  (Sept.  3,  1918)  164, 
28-9. 

STEEL  foundries,  American  and  foreign.  Iron 
Age  (Oct.  3,  1918)  101,  808-9.  From  Iron 
A  Coal  Tr.  Ree. 

STEEL  foundry.  Rapid  construction.  Iron  Age 
(Oct.  3,  1918)  101,  827. 

STEEL  furnaces.  Waste  heat.  Method  o'  utili- 
sation. Timee  Engng.  Sup.  (Sept.,  1918) 
195. 

STEEL,  German  industry  and  the  future.  Engr, 
[London]  (Sept.  13,  1918)  116,  224. 

STEEL  industry,  Basic  eight-hoxir  day  in.  Edi- 
torial. Oum.  A  Met.  Engng.  (Oct.  1,  1918) 
19,  539;  Iron  Age  (Sept.  3.  1918)  101,  850-1. 

STEEL,  Ingot  mold  for  the  manufacture  of.  B. 
Talbot,  U.  S.  Pat.  1278037.  Off.  Qaz.  (Sept. 
17,  1918)  164,  617. 

STEEL  ingots.  Waste  in.  Iron  A  Coal  Tr.  Ret. 
(Sept.  27,  1918)  97,  333-4. 

(22) 


STEEL,  Making  of,  in  America.  W.  J.  Grmaaiek. 
CommonweaUh  Engr-  (Aug.  1,  1918)  6,  25-8. 
Abe.  of  paper  read  before  Victorian  InaU  of 
Engrs. 

STEEL,  Manufacture  of  structural.  Bradley 
Stoughton,  Johns  Hopkins  University.  J.  S. 
Aldred  Lecfurea  on  Engineerino  Proxtioe 
(1917-8)  223-36. 

STEEL,  Mioroecopy  of.  B.  J.  Smart.  Proc 
Engng.  Ass.  of  N.  S.  W.  (1916-7)  81,41-74. 

STEEL,  New  regulations  for  exporting.  Iron 
Tr.  Ret.  (Oct.  10.  1918)  61,  823. 

STEEL  plates,  subjected  to  the  action  of  alkaline 
liquors.  Deterioration  of.  Power  Houte 
(Sept.,  1918)  11,  265-6. 

STEEL,  Quality  in.  Iron  A  Coal  Tr.  Ret.  (Sept 
27,  1918)  97,  357. 

STEEL,  sound,  by  lateral  compression.  B. 
Talbot,  Iron  Age  (Oct.  3,  1918)  101,  836-8. 

STEEL  works  laboratory,  speeding  up.  H.  C. 
Kimber.  Chem.  A  Met.  Engng.  (Sept.  28, 
1918)  19,  512^. 

STEELS,  Composition  and  properties  of.  H. 
Ensaw.  Am.  Maehiniet  (Oct.  10,  1918)  49, 
669-72. 

STYRIAN  iron  districts.  Through  the.  A. 
Schwars,  Durch  das  steirische  EisengefaieL 
Prometheus  (Oct.  6,  1917)  19,  7-9.      ^ 

TANTIRON:  An  acid  resisting  ferro-silieon 
alloy.  Canad.  Machy.  (Sept.  26.  1918)  M, 
363-6;  (Oct.  24,  1918)  10,  477-80.   ' 

TIN  PLATES.  Thin  coatings  on.  Iron  A  Ceai 
Tr.  Ret.  (Oct.  11.  1918)  9T,  402. 

USE  of  warte  heat.  Iron  A  Coal  Tr.  Ret.  (Sept 
27.  1918)  97,  355.  Discussion  of  paper 
before  Iron  St  Steel  Inst. 

UTILIZATION  of  w^ete  heat  from  open  hearth 
furnaces  for  the  generation  of  steam.  T.  B. 
Mackensie,  Iron  St  Steel  Inst.  Adtanee 
copy  No..  12  (Sept.  12.  1918)  1-24;  BlecL 
Rev.  (Sept.  27.  1918)  BS,  311-2.     Abe. 

WARPING  of  steel  through  repeated  quenching. 
Notes  on  the.  F.  H.  Whiteley,  Iron  i 
Steel  Inst.  Advance  copy  No.  17  (Sept.  12, 
1918)  1-4. 

WELDING.  Acetylene,  ^n^na.' (Sept.  20.  1918) 
106,  320-1. 

WELDING.  Apparatus  for  autogenous,  of  min- 
eral«  under  water.  F.  W.  Brusch  and  W.  F. 
J.  Beyer.  U.  S.  Pat.  1278429.  Off.  Goi. 
(Sept.  10,  1918)  164,  322. 

WELDING  apparatus.  Electric  arc.  Selection 
and  application.  A.  M.  Candy.  Elect,  JtU. 
(Sept..  1918)  15,  337-46. 

WELDING.  Boiler  and  other  repairs  by  electric. 
R.  S.  Kennedy.  Boiler  Maker  (Oct..  1918) 
18,  286-9.  Extract  from  paper  read  before 
Inst.  Marine  Engrs. 

WELDING.  Electric.  A  new  Industry.  H.  A. 
Horner.  Proc.  Am.  Inst.  Elect.  Engrs. 
(Oct..  1918)  87,  1185-^5. 

WELDING,  electric  arc  and  oxy-acetylene.  Iron 
Age  (Oct.  10.  1918)  101,  930-1. 

WELDING.  Electric  arc.  Editorial.  Shipbldg. 
A  Shipping  Rec.  (Sept.  26.  1918)  11,  301-2. 

WELDING,  electric,  Nomenclature  of.  H.  G. 
Knox.  Marine  Ret.  (Nov..  1918)  48,  401^. 
Read  at  Engrs.  Club  of  Philadelphia. 

WELDING  metal  plates  and  the  like,  Method. 
F.  L.  SesB'ons,  U.  S.  Pat.  1278234.  Off,  Gas. 
(Sept.  10.  1918)  164,  271. 

WELDING  of  lead.  Autogenous.  III.  P.Rosen- 
berg. Acel.  A  Weld.  Jnl.  (Aug..  1918)  16, 
134-5.     Serial. 

WET  thiogen  process  for  recovering  milphur  from 
sulphur  dioxide  in  smelter  cases.  Min. 
Jnl.  (Sept.  28.  1918)  lU,  567. 
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(AMSCD) 

MANGANESE   STEEL 


RoU  SheUs  of 
AMSCO  Manganese 

arc  unexcelled  for 
their  wearing  qualities 


We  solicit  your  Inquiries  for 

Roll,  Jaw  or  Gyratory  Crusher  Repairs 

AMERICAN  MANGANESE  STEEL  COMPANY 

Gtneral  SoleB  Office,  HcConnick  Building,  Chicago 
Westeni  Sales  Office  Eastern  Sales  OIBce 

HewhouM  Bld(.  Sas  Francisco  Office  HadtMi  Terminal  Bide. 

Sail  Lake  Ci^  iDnmic*  Biehxaia  Bld|.  Hew  Tork 

[PlBua  meolion  tfai*  buuetih  whgo  wriUoa  kdv«rtUan.I  (23] 
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WIRE  rod  mill  roll  train.  Densning  pMtet.  W. 
S.  SUndiford,  Am.  Machinist  (Oct.  3,  1918) 
49,  601-4. 

METALLURGT    OF    NON-FBRROUS 

METALS 

(See  also  Mineral  Reaources.  Ore-dressing  and 
Preparation  of  Coal.  Coal  and  Coke,  and 
Metallurgy  of  Iron  and  Steel) 

AEROPLANE    construction.    MeUls    used    in. 
W.  ).  May,  8e%.  Am.  Sup.  (Oct.  26.  1018)  M, 
.262-3. 

ALLOY  resisting  sulfuric  acid.  F.  Miliiken, 
U.  S.  Pat.  1277989.  Off.  Qos.  (Sept.  3.  1918) 
264,  180. 

ALLOYS  of  copper  and  sine.  F.  Johnson, 
MeUd  Ind.  [London]  (Sept.  20,  1918)  IS, 
188-90:  (Sept.  27.  1918)  IS,  212,  Discussion: 
Steamehip  (Oct..  1918)  SO,  82-3.  Read 
before  Inst,  of  Metals.  Sept..  1918. 

ALLOYS,  Relative  corrosion  of.  R.  B.  Fehr, 
Jnl.  Am.  Soc.  Mech.  Engrs.  (Oct..  1918) 
40,  829-33.  Abs.  of  paper  to  be  presented 
at  Dec..  1918  meeting  of  A.  S.  M.  £. 

ALUMINIUM,  Annealing.  R. .  J.  Anderson, 
Engr.  (Sept.  20,  1918)  116,  261. 

ALUMINIUM  and  aluminium  alloys.  Contribu- 
tion to  the  chemistry  of.  J.  O.  A.  Rhodin, 
Metal  Ind.  [London]  (Aug.  2,  1918)  IS,  69- 
72.     Read  before  Faraday  Soc.  July  23. 1918. 

ALUMINIUM  and  its  allocs;  Their  future  after 
the  war.  W.  Roeenhain.  Metal  Ind.  [Lon- 
don] (Sept.  20.  1918)  IS,  181-2.  Abe.  of 
lecture  read  at  British  Sci.  Products  Exhibi- 
tion, King's  College,  London,  Sept.,  1918. 

ALUMINIUM  and  its  light  aUoys.  II.  P.  D. 
Merica.  Metal  Rec,  (Sept.,  1918)  4,  278-^1; 
IV.  Chem.  A  Met.  Engng.  (Oct.  1,  1918) 
19,  687-92;  V.  (Oct.  16,  1918)  19,  636-40. 

ALUMINIUM-bronse  allcnr,  Surprising  qualities 
of  new.     Meidl  Ree.  (Sept.,  1918)  4,  267-70. 

ALUMINIUM,  Essajrs  on.  Essais  sur  I'alumi- 
nium.  Mitaux  Alliagee  Mach.  (Aug.,  1918) 
10-11. 

ALUMINIUM  industry  for  Canada.  Min.  A 
Engng.  Rec.  (Aug.  31,  1918)  SS,  16&-6. 

ALUMINIUM  founding  and  the  machinery  indua- 
try.  R.  De  Fleury,  Metal  Ind.  [Lon-lon] 
(Sept.  6.  1918)  IS,  148-9.     Conclusion. 

ALUMINUM  bronies,  their  properties,  manu- 
facture and  industrial  uses.  J.  Eseard,  Los 
bronces  de  aluminio  propiedades,  fabricaci6n 
y  utiliaaci6n  industrial.  Rev.  Obrae  Pub. 
(Sept.  26,  1918)  66,  486-92. 

ALUMINUM  bronse  castings.  H.  Rix  and  H. 
Whitaker,  Moulage  en  coquille  de  bronse  d' 
aluminium.  Mitallurgie  (Oct.  2,  1918)  60, 
1466. 

ANNEALING  cold-rolled  aluminium  sheet  by 
abbreviated  exposures  at  various  tempera- 
tures. R.  J.  Anderson,  Metal  Rec.  [London] 
(Sept.  27.  1918)  IS,  207-11.  Read  before 
Inst,  of  Metals,  Sept.,  1918. 

ANTIMONY,  Electric  refining.  Y.  C.  Wong, 
Chem.  A  Met.  Engng.  (Sept.  28, 1918)  19, 509. 

APPARATUS  for  the  quick  testing  of  metals. 
Quelques  appareils  pour  I'essai  rapide  des 
mitaux.  Bull.  Tech.  Suiaae  Rom.  (Sept.  7, 
1918)  44,  170-2;  (Sept.  21,  1918)  U,  179-80. 
Serial. 

AUSTRALIAN  lead,  silver,  and  sine.  Engng.  A 
Min.  Jnl.  (Oct.  10,  1918)  106,  704. 

BARIUM  from  strontium,  Separating.  J.  Wad- 
dell,  Min.  A  Sci.  Pr.  ((5ct.  12,  1918)  117, 
496-6. 

BASE  metal  in  South  America.  Production  of. 
G.  H.  Stanley.  South  Afr.  Min,  Jnl.  (Aug.  24, 
1918)  %!.  377-8.  Paper  before  S.  A.  Ana- 
lytical Chemists. 
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BRASS.  Melting  in  a  rookixig  deetrio  furnace. 
W.  W.  Gillett  and  A.  RRhoads,  Metal  Ind. 
[London]  (Aug.  30.  1918)  IS,  132-3.     SeriaL 

CASTING  metals.  F.  W.  Stokes.  British  PaL 
117646.  lU.  Off.  Jnl.  (Sept.  18.  1918)  2066; 
British  Pat.  117800:  British  Pat.  117801. 
III.  Off.  Jnl.  (Sept.  26.  1918)  2121. 

CHARCOAL  as  a  precipitant  of  gold.  Min.  A 
iSe».  iV.  (Oct.  12, 1918)  117, 494.  Aba.  BulL 
Inst.  Min.  A  Met. 

CHROMITE,  Determination  of  chromic  oxide  in. 
W.  C.  Riddell  and  £.  Kittradge,  Min.  A  Sei, 
Pr.  (Oct.  26.  1918)  117,  668-9. 

CHROMIUM,  its  origin  and  uses.  Chrome,  ses 
origines.  ses  gisements.  ses  usages.  MUatts 
AlTiaoee  Mach,  (Aug..  1918)  3-8. 

CINCHONINE  in  tungsten  assay.  Min.  Digeat 
(July.  1918)  19,  41-6. 

COPPER,  Action  of  reducing  gases  on  hot  solid. 
N.  B.  puling.  Bull.  Am.  Inst.  Min.  Engia. 
(Oct.,  1918)  1667-80. 

COPPER-aluminum  alloy,  A  ease  of  disintegra- 
tion of  a.  R.  Seligman  and  P.  WiUiams, 
Metal  Ind.  [London]  (Sept.  20.  1918)  IS, 
191-2;  (Sept.  27,  1918)  IS,  212-3.  Dueus- 
sion. 

COPPER.  Cold-working.  Engng,  (Sept.  18. 
(1918)  106,  292-3. 

COPPER-aluminum  alloys  rich  in  copper.  Con- 
stitution and  hardness  of.  Constitution  et 
duret4  des  alliages  cuivre-aluminium  riehcs 
en  ouivre.  MitaUurgie  (Oct.  2.  1018)  fS, 
1463-4. 

COPPER,  Effect  of  progressive  cold  work  upon 
the  tensile  properties  of  pure.  W.  E.  AUans, 
Engr.  [London]  (Sept.  13,  1918)  U6,  216-7; 
Metal  Ind.  [London]  (Sept.  13.  191»  U, 
164-6:  (Sept.  20,  1918)  U,  192-3;  Paget 
Engng,  Widy.  (Sept.  27.  1918)  tZ^  149-60. 
Paper  read  before  the  Inst,  of  Metals,  Sept.. 
1918. 

COPPER-leaching  by  salt  water  and  stdphurous 

Ssses.     C.  S.  Vadner,  Min.  A  ScL  Pr,  (Oct. 
.  1918)  117,  467-8. 

COPPER  refining.  E.W.  Rouse.  Johns  Hopkins 
University,  /.  E.  Aldred  Lecturee  on  Sngi" 
neering  Practice  (1917-^)  113-39. 

CONDUCTORS,  Copper  and  alundnnm,  used 
in  power  transmission.  J.  A.  Montpellier, 
Cuivre  et  aluminium  oonducteura  utilises 
pour  r^tablissement  des  Ugnes  de  tran»> 
mission  d'energie  61ectrique.  Indusl.  EleeL 
(Sept.  10,  1918)  t7,  526-7. 

CYANIDATION  of  silver  ore  at  El  Oio,  Mexico. 
F.  A.  Malins.  Min,  A  Sci.  Pr,  (Sept.  28. 
1918)  117,  419-2a 

ELECTRIC  are.  Process  and  apparatus  for 
reducing  metals  by  the.  J.  G.  Webb,  Proo6d6 
et  appareil  pour  r^duire  les  m6taux  par 
rinterm4diaire  d'un  arc  61ectrique.  Freneh 
Pat.  487493.  BuU.  Off,  PropritU  IndueL 
(May  2.  1918)  61. 

ELECTRIC  furnace  in  the  steel  casting  industry. 
W.  E.  Moore.  Elect,  JnL  (Sept..  1918)  11, 
331-2. 

ELECTRIC  furnace  problems.  Notes  on.  J.  L. 
McK.  Yardley,  Bull.  Am.  Inst.  Min.  Engra. 
(Oct..  1918)  1593-8. 

ELECTRIC  furnaces.  Calculation  of  high  ten- 
sion transformers.  R.  Jacquot.  Btude  aur 
le  calcul  de  transformateuis  4  forte  inten8it4 
pour  fours  ^lectriques.  Ree.  Oei^  Elec 
(Oct.  12.  1918)  4,  623-36. 

ELECTRIC  furnaces.  H.  Wade,  British  Pat. 
118357.    lU,  Off.  JnL  (Oct.  16,  1918)  2338. 

ELECTRIC  furnaces.  New.  Elect.  Ree.  [London) 
(Sept.  20.  1918)  SS,  260-8.     "    *  ' 
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PRIMOS  CHKAL  CO. 


PRIMOS,  PENINA. 


Cabl€  Address  s  Telegraph  Address  t 

**Brk|uette/'  Philadelphia  Philadelphia 


CONSUMERS  OF 


Molybdi 


enum 


Tungsten  and 


Vanadium  Ores 


All  correspondence  relating  to  mining  propositions  and 
samples  should  be  sent  to  our  Boulder  OfiSce 

No.  8  NATIONAL  STATE  BANK  BUILDING 
BOULDER,  -  COLORADO 

[Please  mention  this  bulletin  when  writing  advertiaen.]  (25) 
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ELECTRIC  predx^tation  of  fumei  ftnd  duat. 
F.  Michel,  La  pr6cipitatioD  fileotrigueB  des 
fumfes  et  dee  DouaeidreB.  Rn.  (Ten.  8ci, 
(Aug.  15-30,  1918)  t9,  456-68. 

ELECTROLYTIC  nickel.  Thick  depoeit  of. 
Chem.  ±  Met.  Enong.  (Oct.  16, 1918)  19,  640. 

ELECTROLYTIC  line.  BuU.  Am.  Inet.  Min. 
Engra.  (Oct.,  1918)  152S-83.  DiscuBMon  of 
paper  by  C.  A.  Hansen  in  BiM.  185,  March, 
1918. 

ELECTROLYTIC  line  planta.  Metal.  Ind. 
[London],  (Aug.  2,  1918)  IS,  72. 

ELECTROSTATIC  precipitation.  BuO.  Am. 
Inat.  Min.  Engra.  (Oct..  1918)  1553-7.  Dia- 
euaeion  of  paper  by  O.  H.  Eachhola,  B«*i.  140, 
Aug.,  1918: 

EXTRACTION  and  recovery.   Distinction  be- 

!!!J®®**«-^  ^-  'A^"®^'  Sngng.  A  Min.  Jnl, 
(Oct,  26,  1918)  106,  740-1. 

FERRO-molybdenum,  Prooeaa  of  making.  E.  H. 
Weatling  and  C.  Anderaon,  U.  S.  Pat. 
1278408.  Off.  Ons.  (Sept.  10.  1918)  S64, 
317. 

FRENCH  metallurgy,  its  paat  and  its  future. 
L.  Guillet,  M6tallttrgie  Fran^aiae,  aon  paaa^ 
et  aon  avenir.  Mem.  Soo.  Ingen.  Civ. 
France  (Apr.,  June.  1918)  71,  208^6. 

GERMANY'S  finger  in  the  platinum  pie.  Edi- 
torial.   Chem.  A  Met.  Bngng.  (Oct.  15. 1918) 

19,  602—3. 

GRAIN  growth  in  metala.  Z.  Jeffries,  Engna. 
(Sept.  .20.  1918)  106,  328-30.  Seri2. 
Diacuaaion    306-7.     Bngr.    FLondon]    (Sept. 

20,  1918)  196,  260-1.  Abe.  Metal  Jiid. 
[Londpnl  (Sept.  20.  1918}  19, 186-8.  Aba. 
Read  before  Inat.  of  Metala,  Sept.,  1918. 

GUN-matal,  admiralty,  Influence  of  impuritiea  on 
mechanical  properties  of.  F.  Johnaon, 
Metal  Ind.  [London]  (Sept.  27.  1918)  IS. 
203-6:  Bnong.  (Sept.  20,  1918)  106,  830-2; 
Diacuasion.  307;  Steamehip  (Oct.,  1918)  SO, 
83-4.  Paper  read  before  the  Inst,  of  Metals, 
Sept.,  1918. 

HARDNESS  of  metals.  Teatingby  the  Boyelle- 
Morin  apparatua.  C  J.  B.  Cooke,  Proc. 
Inat.  Mech.  Engra.  (May.  1918)  331-3. 

HARDNESS  of  aoft  iron  apd  copper  compared. 
F.  C  Kelley,  Qen.  Elect.  Ree.  (Oct.,  1918) 
91,  672-3. 

LEAD  acetate  aubatitute  in  cyaniding.  T.  B. 
Stevena,  Engng.  A  Min.  Jnl.  (Oct.  12,  1918) 
106,  667.  Abs.  from  Jnl.  Chamber  Minee 
Westn.  Austral. 

LEAD  in  copper.  Spectroscopic  determination  of. 
C.  W.  HiU  and  G.  P  Luckey,  BuU.  Am. 
Inst.  Min.  Engrs.  (Oct.,  1918)  1581--92. 

LEAD  industry  and  recent  progress.  M.  Paraf, 
Rn.  Minera  (Sept.  1,  1918)  69,  425-8; 
(Sept.  8,  1918)  69,  438--12. 

LEAD,  tin.  antimony  alloys.  O.  W.  Ellis,  Metal 
Rec.  (Sept..  1918)  4.277etseq.  Paper  read 
before  Inst,  of  Metals. 

MAGNESIUM  industry.  Development  of  the. 
L.  Waldo,  Chem.  A  Met.  Engng.  (Oct.  16, 
1918)  ,  19,  624-6.  Paper  read  at  Nafl. 
Exposition  of  Chemical  Industries.  Sept., 
1918. 

MAGNESIUM  industry.  Industria  del  Mag- 
nesio.  Rev.  Minera  (Aug.  24,  1918)  69, 
413—4. 

MELTING  the  non-ferrous  metals.  C.  Hering. 
Metal  Rec.  (Sept.,  1918)  4,  271-2.  Abs.  of 
paper  read  before  Inst,  of  Metals. 

METAL  problems  in  Germany  at  war.  Probldme 
des  mStaux  dans  I'allemagne  en  guerre. 
Mitaux  Alliagea  Mach.  (Aug.,  1918)  1-3. 

METALLOGRAPHY    and    heat    treatment    of 
metals  used  in  aSroplane  construction.     V.  F. 
Grotts,  Chem.  A  Met.  Engng.  (Oct.  1,  1918) 
19,  683-6. 
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METALLOGRAPHY  and  the  war.     Zay  Jeffries. 

?.?•?•«<*    ^^'    ^^HffHf'    (Sept.    28.    1918) 
19,  518-9. 

LIXIVIATION  of  copper  ores.  N.  C.  Christ- 
ensen.  U.  S.  Pat.  1278854.    Off.  Oaz,  (Sept. 

17.  1918)  IM,  466. 

METALLURGICAL  analysis.  Speeding  op. 
H.  C.  Parish,  Chem.  A  Met.  Engng.  (Sept 
28.  1918)  19,  605-8. 

METALLURGICAL  furnace  with  oontimiing 
feied;  Soei6t6  Loy  A  Aub4.  Foux  m^taP 
luri^que  i  eheminement  progresaif  et  con- 
tinu  de  matidre  k  traiter.  Frenefa  Pat. 
487289.     Bull.  Off.  PropriM  JnduaL    (Apr. 

18,  1918)  S8,  62. 

METALLURGICAL  notes.  W.  G.  Dauneey. 
BuU.  Canad.  Min.  Inst.  (Oct.,  1918)  856-8. 

METALLURGY.  J.  B.  Herreahoff.  British  Pat. 
117470.    lU.  Off.  JnL  (Sept.  11,  1018)  2000. 

METALS  used  in  aeroplane  conatruetion.  W.  J. 
May,  Set.  Am.  Sup.  (Oct.  26.  1918)  96, 
262-3.     From  English  Mechanic. 

MOLYBDENUM.  Recent  developments  in. 
L.  F.  S.  HolUnd,  Min.  A  Sci.  Ft.  (Oct.  19. 
1918)  117,  529-31. 

NICKEL  matte  or  nickel-copper  matte.  O.  Lel- 
lep,  U.  8.  Pat.  1278176.  Off.  Qas.  (Sept.  10, 
1918)  994,  254.      « 

PIG  tin.  Allies  agree  on  pooling  plan  for  supply  of. 
Min.  Cong.  JnL  (Oct..  1918)  4,  397. 

PLATINUM  as  a  money  base.  Editorial.  Am. 
Induatriea  (July.  1918)  18,  7-8. 

PLATINUM.  Editorial.  Min.  A  Sci.  Pr. 
(Oct.  26,  1018)  117,  560. 

PLATINUM.     Nature  (Aug.  1,  1918)  101,  428. 

PLATINUM.  Process  for  recovering.  V.  J. 
Zachert,  Min.  A  Sci,  Pr.  (Oct.  12,  1918) 
117,489-90* 

PREPARATION  in  the  electric  furnace  of  some 
metals  used  industrially.  J.  Escard.  Ree. 
Gen.  Elect.  (Sept.  14.  1918)  4,  375-S6. 

RADIUM.  R.  B.  Moore.  Min.  Jnl.  (Sept.  21, 
1918)  ISS,  550-3.  Abs.,  from  BuU.  140. 
A.  I.  mTe. 

RAND  mining  and  metallurgical  practice. 
H.  F.  Marriott,  South  Afr.  Engng.  (June, 
1918)19,88-9.     Serial. 

RECRYSTALLIZATION  in  deformed  non- 
ferrous  metals.  D.  Hansea.  Metal  Ind. 
[London]  (Sept.  20.  1918)  IS,  183-6. 

REFRACTORY  materials.  Standardisation  of 
tests  for.  C.  Johns,  Iron  A  Steel  Inst. 
Advance  copy  No.  11  (Sept.  12.  1918)  1-33. 

RESISTANCE  of  metals  to  penetration  under 
impact.  C.  A.  Edwards.  Metal  Ind.  [Lon- 
don] (Sept.  18,  1918)  IS,  167-71:  (Sept.  20. 
1918)  IS,  193-4;  Engng.  (Sept.  18,  1918)  106, 
285-9:  Proc.  Inst.  Meoh.  Engrs.  (May, 
1918)  335-69. 

ROASTING  furnace  for  blende.  New.  Engng.  A 
Min.  Jnl.  (Sept.  28,  1918)  106,  569-70. 

SCRAP  copper,  sine,  lead,  tin  and  all  their  alloys. 
Recovery  and  utilisation.  P.  Rasous, 
R6cup6ration  et  I'utilisation  des  d6chets 
de  cuivre,  sine,  plomb.  6tain,  aluminium  et 
.de  leurs  alliages.  Oinie  Cieil  (Sept.  14, 
'1918)  7S,  209-13:  (Sept.  28,  1918)  TS,  251- 
5. 

SINTERING  and  charge  delivery  at  Bunker 
Hill  Plant.  C.  T.  lOce,  Engng.  A  Min.  JnL 
(Oct.  12,  1918)  106,  649-^7. 

STELLITE,  Development  of.  E.  Haynes, 
Iron  Age  (Oct.  10.  1918)  101,  886-8. 

STELLITE     developed     by     arc     furnace.     E. 

Haynes,  Iron  Tr.  Ree.  (Oct.  17.  1918)  CS, 

905-^. 
SYMPOSIUM. on  metal  industries:  Pyrophorie 

alloy   industry.    A.    Hirsch,    Jnl.    Ind,    A 
Engng.  Chem.  (Oct.,  1918)  10,  84$-60. 
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Cyanide 


Cyanide  of  Sodium  ^& 

Cyanogen  contents  51/52% 

Uyanegg 

Cyanide  of  Sodium  96/98%  in  egg 

form,  each 'egg  weighing  one  ounce. 

Cyanogen  contents  51/52% 

Manufactured  in  U.  S.  A. 


Works: 

NiasarB  Falls.  N.  Y.         St.  Albans.  W.  Va. 

Perth  Amboy,  N.  J. 


The 
Roessler  &  Hasslacher  Chemical  Co. 

100  William  Street  New  York,  N.  Y. 

iTlmm  mmtion  thli  njuxmr  wban  mltinB  ■dTwti—i*.]  ( 
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THERMAL  expansion  of  alf^a  and  of  beta  bnwe 
between  0-600°  C.  P.  L>.  Merica  and  L.  W. 
Schad,  Jnl.  Washington  Academy  of  8oi. 
(Oot.  19,  1918)  8,  673.  From  Bur.  Stands. 
Set.  Paper  No.  321,  20  p. 

TIN  control.  EditoriaL  Sngng.  A  Min.  Jnl. 
(Sept.  28.  1918)  108,  593-4. 

TIN  control.  New.  Editorial.  Ironmonger  (Sept. 
14,  1918)  164,  42-^. 

TIN,  License  system  revoked  to  control  trade. 
Min:  Cong.  Jnl.  (Oct.,  1918)  4,  388. 

TIN  smelter  proposed.  Another.  Min.  Jnl: 
(Sept.  14,  1918)  in,  535-6. 

TUNGSTEN,  Metallography  of.  Z.  Jeffries. 
Engng.  (Sept.  6.  1918)  106.  269-75;  (Sept. 
13,  1918)  106,  300-2.  Serial.  From  BuU. 
188,  June,  1918,  A.  I.  M.  E.  Discussion, 
Bidl.  Am.  Inst.  Min.  Engrs.  (Oct.,  1918) 
1527-8. 


TUNGSTEN  ores.  Genesis  of.  R.  H.  RastaH. 
Min.  Jnl.  (Sept.  28.  1918)  lit,  564-5. 
Serial.    Abs.  of  paper  in  0«ol.  Mag. 

UNITED  Verde  Extension  Mining  Compansr's 
smeltery  and  converter  plant.  F.  E. 
Nichols,  Engng.  db  Min.  JnL  (Oct.  19.  1918) 
106,  689-92. 

UTACALA  sine  mine,  and  its  calcining  plant. 
G.  H.  Ryan.  Salt  Lake  Min.  Ret.  (Oct.  15, 
1918)  10,  21-3. 

ZINC  and  ito  uses.  Engng.  dt  Min.  JnL  (Oet.  19, 
1918)  106,  705-6. 

ZINC,  Electro-thermal  recovery  of.  Metal  Ind. 
[London]  (Aug.  2.  1918)  13,  65-8. 

ZINC  ingots.  Tilting  metal  mould  for.  F.  C. 
Whipp,  Metal  Ind,  [London]  (Sept.  13, 
1918)  18,  163. 


Transactions  Wanted 


Three  dollars  each  will  be  paid  for  Volumes  XXXI, 
LI,  and  LII,  of  the  Institute  Transactions,  if  in  good  con- 
ditioii.  If  desired,  a  copy  of  the  Index  for  Volximes 
XXXVI  to  LV  will  be  sent  for  one  of  the  volumes  of  the 
Transactions  and  one  dollar  additional ;  for  two  of  these 
volumes,  a  copy  of  the  Index  will  be  sent  and  the  balance 
will  be  credited  to  the  payment  of  dues. 


1919  DUES 

Notice  is  here  given  that  the  dues  of  all  Members, 
Associates,  and  Junior  Associates  for  the  year  1919  will 
be  payable  on  January  1,  1919,  at  the  office  of  the  Secre- 
tary. The  dues  of  Members  and  Associates  are  $12  a 
year;  those  who  desire  may  have  the  Transactions  bound 
in  the  Institute's  standard  binding  for  $2  additional. 
The  dues  of  Junior  Associates  are  $5  a  year. 


. 
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HENRY  HEIL  CHEMICAL  CO. 

210-214  South  4th  Street,  ■  St.  Louis,  Mo. 

Importers  and  Manufachirers  of 

Chemical  Apparatus,  Chemicals, 
Laboratory  and  Assay  Supplies  Generally 

We  have  the  stock  and  can  make  prompt  delivery 


SPECIALTIES: 


Best  Grade  of  American  Glassware,  "  Pyrex,"  "  Non-Sol/* 

reriection    and     Try 

Munktell,  Whatman  and  H.  H.  C.  Co.'s  Crimped  White 

Filtering  Paper,  low  m  ash  and  filtering  rapidly, 

specially  manufactured  for  us  in  America 

Best  American  Coors  Porcelain  Ware 

Troemner  &  Becker  Balances  and  Weights,  Platinum 

Wire,  Foil  and  Ware 

Fuse^d  Silica  Laboratory  Utensils  "Vitreosil" 

Hanovia  Pure  Transparent  Quartz  Glass,  Alundum  Ware 

Hoskins'  Electric  Furnaces.     Chatelier's  Pyrometers 

Bausch  and  Lomb  Microscopes  and  Accessories 

Hydrometers  and  Thermometers  of  every  description 

Chemically  Pure  Acids  and  Ammonia,  Molybdic  Acid  and 

Molybdate  of  Anunonia 

Merck's,  Baker  &  Adamson's  and  J.  T.  Baker  Chemical  Co.'s 

Chemicals  and  Reagents 

Caustic  Potash  and  Soda,  purified  in  sticks  and  pure  by  alcohol.  Acetate 
of  Lead,  Cyanide  Mixture,  Soda  Ash  and  Commercial  Caustic  Soda 


We  carry  a  very  large  and  complete  stock  of  everything  used  in  the  laboratory 
and  solicit  your  orders  or  inquiries.  There  is  nothing  in  the  chemical  line  which 
we  cannot  furnish.    You  will  find  us  prompt,  courteous  and  reliable. 

In  our  Glassblowing  Establishment  we  can  produce  any 
Apparatus,  no  matter  how  complicated 

OnetM  mention  this  bullxtin  when  writing  advertisen.]  (20) 
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CLASSIFIED  LIST  OF  MINING  AND 
METALLURGICAL  EQUIPMENT 


Acetylene  Aopenitot 

Madeod  Co.,  Bogen  St.,  Ciiicinnati,  Ohio. 

Acidt  and  Ammonia 

HeU  Obemioal  Co.,  Henry.  210-214  8.  4th 
St..  St.  Louia,  Mo. 

Acid,8«|lphnric 

lUinoia  Zine  Co.,  Peru.  111. 

Afitatora 

Dorr  Co.,  Denver,  Colo. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 
Pa. 

Amalgamatora 

AlUi-Chalmere  Mfg.  Co.,  Milwaukee.  Wis. 
Traylor  Engineering  &  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump  St   Machinery   Corpn., 


imp 


115  Broadway.  New  York  City. 

Aabeitoa 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Aabestoa  Materiala 

Johna-ManviUe  Co.,  H.    W.,  290    Madison 
ATe.,  New  York  City. 

Aaaay  Supplies 

Heil  Chemical  Co..  Henry,  210-214  8. 4th  St.. 

St.  Louis.  Mo. 
Mine  and  Smelter  Supply  Co..  42  Broadway 
New  York  City. 

Axles,  Mine  Car 

Fuller-Lehigh  Co..  Fullerton.  Pa. 


Balances  and  Weights 

Hell  Chemical  Co..  Henry.  210-214  S.  4th  St.. 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 

Ball  and  Tube  Mill  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg..  Chicago,  111. 

Bearings,  Ball 

Gwilliam  Co.,  263  W.  Mth  St.,  New  York 
City. 

Bearings,  Roller 

Gwilliam  Co..  263  W.  68th  St.,  New  York 
aty. 

Belting,  CouTeyor 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 
Jeffrey  Mfg.  Co.,  002  N.  4tb  St..  Columbus, 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 
'    New  York  City. 

Belting,  Blevator 

Goodrich  Rubber  Co.,  B.  F..  Akron,  O. 
Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbus, 
Ohio. 

Belting,  Transmission 

Goodrich  Rubber  Co..  B.  F..  Akron.  O. 

Bins,  Coal  and  Coke 

Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Columbus, 
Ohio. 

Blasting  Powder  (See  Powder,  Blasting) 

Blasting  Supplies 

Du  Pont  de  Nemours  A  Co..  E.  I..  Wilming> 
ton,  Del. 

Blowers 

General  Electric  Co.,  Schenectady.  N.  Y. 


Blowpipe  Apparatus 

Heil  Chemical  Co..  Henry.  210-214  8. 4Ui  St.. 
St.  Louia,  Mo. 

Brake  Blocks 

Johns-Manville   Co..    H.  W..  290  Madkon 
Ave..  New  York  City. 

Brick,  Fire 

HarbisonrWalker  Refractories  Co..  Farmers' 

Bank  Bldg..  PltUburgh.  Pa 
Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Bueketa,  Elevator 

American  Manganese  Steel  Co..  MeCormick 

Bldg..  Chicago,  ill. 
Jeflrry  Mfg.  Co.,  902  N.  4th  St..  Cdumbae, 

Ohio. 

Burners,  Gas 

Macleod  Co..  Bogen  St..  Cincinnati.  Ohio. 

Burners,  Oil 

Macleod  Co..  Bogen  St.,  Cincinnati,  Ohio. 
Mine  and  Smelter  Supply  Co..  42  Broadway 
New  York  City. 


Cableways 

Flory  Mfg.  Co.,  8.,  Bangor,  Pa. 

Leschen  ft  .Sons  Hope  Co.,  A.,  920  N.  let  St.. 

St.  I^ouis,  Mo. 
Maeomber  A  Whyte  Rope  Co..  Kenosha,  Wis. 
Roebling's  Sons  Co.,  John  A..  Trenton.  N.  J. 

Cages.  Hoisting 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co..  Allentown, 

Pa. 

Cages,  Self  Dumping  and  Plain 

Holmes  A  Bros..  Inc..  Robt..  30  N.  Hasel  St., 
Danville.  111. 

Car  Lifts,  Automatic 

Holmf«  ft  Bros..  Inc..  Robt..  30  N.  Hasel  8t^ 
Danville.  111. 

Carbide  Lamps 

Macleod  Co.,  Bogen  St..  Cincinnati,  Ohio. 

Cars,  Ore 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co..  Alentown. 

Pa. 

Castings,  Brass 

Holmes  ft  Bros..  Inc..  Robt.,  30  N.  Hasel  St.. 
DanviUe,  111. 

Castings,  Iron 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 
Holmee  ft  Bros.,  Inc.,  Robt..  30  N.  Hasel  St.. 
DanviUe.  111. 

Caustic  Soda 

Heil  Chemical  Co.,  Henry.  210-214  8. 4th  St.. 
St.  Louis,  Mo. 

Cement  Blast  Guns  (See  Guns,  Cement) 
Cement  Machinery 

Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump'  ft  Machinery  Corp*n. 
116  Broadway,  New  York  City. 

Cements,  Refrsetory 

Johns-Manville    Co..    H.  W.,  290  Madison 
Ave.,  New  York  City. 
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JOHNS-IVIAINVILLE 
ASBESTOS  ROOFINGS 


THE  severe  conditions  encountered  in  mine  service,  which 
so  quickly  weaken  ordinary  roofings^  have  practically  no 
ejffect  upon  Johns-M anville  Asbestos  Roofings.    It  is  liter- 
ally a  sheet  of  flexible  stone,  made  of  asbestos  rock,  and  natural 
asphalts. 

There  are  instances  where  this  roofing  has  withstood  the  acid 
conditions  encountered  in  mine  service  and  around  coke  ovens 
for  over  15  years.  In  addition  to  this,  it  has  successfully  resisted 
the  attacks  of  time,  fire  and  weather  with  Uttle  or  no  upkeep 
expense,  proving  beyond,  question  that  it  is  the  cheapest  roofing 
obtainable  when  figured  on  a  cost-per-year  basis. 

Made  in  roUs  and  sheets  ready  to  lay,  or  built  up  on  your  roof 
deck  by  representatives  of  the  Johns-Manville  Contract  Depart- 
ment from  the  Johns-Manville  Branch  nearest  you. 

Johns-Manville  Corrugated  Asbestos  Roofing 

Johns-Manville  Corrugated  Asbestos  Roofing  cannot  rust,  be- 
cause its  metal  reinforcement  is  armored  against  the  admittance 
of  the  moisture  and  oxygen  in  the  air  by  an  impenetrable  envelope 
of  thoroughly  impregnated  asbestos  felts. 

These  asphalt-impregnated  sheets  on  both  sides  of  the  iron  are 
securely  and  literally  keyed  together  with  asphalt  through  the 
perforations  of  the  metal. 

The  edges  are  then  sealed  with  impregnated  tape  which  keeps 
moisture,  air,  gases  or  any  influence  that  leads  to  the  corrosion 
of  iron,  from  coming  in  contact  with  this  reinforcing  metal. 

This  construction  insures  a  roofing  that  offers  resistance  to  fire 
and  the  elements — one  that  cannot  be  affected  by  gases,  smoke 
or  salt  air — and  one  that  reduces  cost  for  upkeep  to  a  minimum. 

H.  W.  Johns-Manville  Co. 

New  York  City 

10  Factories    •    Branches  in  63  Large  Cities 
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CLASSIFIED  LIST  OF  MINING  AND  METALLURGICAL  EQUIPMENT 


Cludnt 

Amerioan  Manganase  Steel  Co.,  MoCormiok 

Bldc.i  Chioago,  lU. 
Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbus. 
Ohio. 
Chemical  Apparatui 

HeO  Chemical  Co..  Henry,  210-214  S.  4th  St.. 
St.  Louis,  Mo. 

Chomlcals 

Heil  Chemical  Co..  Henry,  210-214  6.  4th  St. 
St.  Louis,  Mo. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 

Roessler  A  Haaelaoher  Chemieal   Co.,   100 
William  St.,  New  York  City. 
Chrome  Brick 

Harbison- Walker  Refractories  Co.,  Farmers* 
Bank  Bldg.,  Pittsburgh,  Pa 

LaTino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Chrome  Cement 

LaTino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia. Pa. 
Chrome  Ore  (Lunip  and  Ground) 

Larino  and  C^.,  E.  J.,  BuIUtt  Bldg.,  PhUa- 
ddphia.  Pa. 
Chute  Plates  &  Launder  Liners 

Amerioan  Manganese  Steel  Co.,  MoCormiok 
Bldg.,  Chicago,  111. 
Chutes 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 
Classiflers 

AUls-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 

Colorado  Iron  Works  Co.,  DeuTer,  Colo 

Deister  Concentrator  Co.,  Fort  Wayne,  Ind. 

Dorr  Co..  Denrer.  Colo. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 

TVaylor  Engineering  ft  Mfg.  Co.,  Allentown, 
Pa. 

Worthington   Pump   A    Machinery  Corp'n.. 
116  Broadway.  New  York  City. 

Coal  and  Ash  Handling  Machinery 

Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbus. 
Ohio. 
Coal  M>«»*«»g  Machines 

Goodman   Mfg.  Co.,  Halstead  St.  ft  48th 

Place,  Chicago,  III. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Sullivan  Maohinerr  Co.,  122  So.  Michigan 
Ave.,  Chicago,  111. 
Coal  Mining  Plants 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 
Coal  Storage  and  Rehandling  Machinery 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus. 
Ohio. 

Coatings.  Roof 

Jobns-ManTille   Co.,  H.    W.,  206  Madison 
Ave.,  New  York  City. 
Collectors,  Dust 

Madeod  Co.,  Bogen  St..  Cincinnati,  Ohio. 

Compass.  Maas  Patent  Drill  Hole 

Derby.  Jr.,  E.  L.,  Agent.  Ishpeming,  Mich. 

Compressors,  Air. 

AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Sullivan  Machinery  Co.,  122  So.  Michigan 

Ave.,  Chieago,  111. 
Worthington  Pump   ft  Machinery  Corp'n., 

115  Broadway.  New  York  City. 

Concentrators 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Deister  Concentrator  Co.,  Fort  Wayne.  Ind. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n., 

116  Broadway,  New  York  City. 


Condensers.  Surface 

Weetlnghottse   Eleetrie   ft   Mfc- 
PitUburgh,  Pa. 


Co..  Best 


Contractors,  Diamond  DriOIng 

Longyear  Co..   E.   J.,   710  Security  Bldg., 


mgyet 

Minneapolis,  Minn, 
illivan  MacfainMy 
Ave.,  Chicago,  ID. 


apt  __. 

Sullivan  Machinery  Co..  122  So.  MIehigai 


ConTorters,  Copper 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Traylor  Engineering  ft  Mfg.  Co..  Allentown, 
Pa. 


Worthington   Pump  ft^Maehinery  Corp'n., 
1 16  Broadway,  New 

Converters,  Blectric,  Rotarj 


ump 
116  Broadway,  New  York  CSty. 

tary 
General  Electric  Co..  Seheneetady,  N.  Y. 


Westinghouse   Eleetrie   ft    Mfg.   Co..   East 
PitUburgh,  Pa. 

Conveyors,  Belt 

Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus. 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg.. 

New  York  City. 


Conveyors,  Cable  Flight 
)ffrey 
Ohio 


Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus. 
"  fo. 


Conveyors,  Chain  Flight 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus. 
Ohio. 


Conveyors,  Pan  or^Aprcm 

5ff  re 
Oh 


Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Cohimbns. 
to. 


Conveyors,  Screw 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus. 
Ohio. 

Core  Drilling 

Longyear  Co..   E.  J.,   710  Seourity   Bldg., 

Minneapolis,  Minn. 
Sullivan  Machinery  Co..  122  So.  Mlohigaa 


lery 

,  in. 


Ave.,  ChicagOi 

Coverings,  Pipe  and  Boiler 

Johns-Manville  Co.,  H.  W..    20«    Madkoe 
Ave.,  New  York  City. 

Crucibles 

Heil  Chemieal  Co.,  Henry,  210-214  S.  4th  St.. 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 
New  York  City. 

Crushers,  Coal  and  Coke 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 

New  York  City. 
Worthington    Pump   ft  Machinery  Corp'n.. 

116  Broadway.  New  York  City. 

Crushers.  Ore 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Buchanan  Co.,  C.  0.,  00  West  St..  New  York 

City. 
Colorado  Iron  Works  Co..  Denver.  Colo. 
Fullei^Lehigh  Co.,  FuUerton,  Pa. 
HeU  Chemical  Co.,  Henry,  210-214  8. 4th  St.. 
**     St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co..  Allentown. 

Pa. 
Worthington  Pump   ft   Maohlnery  Corp'n.. 

116  Boradway.  New  York  City. 

Crushing  Roll  Parts 

American  Manganese  Steel  Co.,  MoCormiefc 
Bldg.,  Chicago  lU. 
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PROFESSIONAL  CARDS 

WALTER  H.  ALDRIDGE 

Contoltiiit  Mining  and 
MetaSitrcical  Bncinetr 

14  WaU  Street                         NBW  YORK 

ABBOT  A.  HANKS 

Chemist  and  Assayor 

EsUblished  1806 

Control  and  Umpire  Assays,  Supenri- 
sion  of  Sampling  at  Smelters,  ChemioiJ 
Analvs^  of  Ores.   Minerals,   Mineral 

A.  CHESTER  BEAHY 

Consnlttaig  Mining  EnglnMr 

25  Broad  Street 

NEW  YORK,  N.  Y. 

Cable  Addreaa 

Qranttlc 

Waters,  ete. 

130  SacraMrta  St       Sm  FrindscOp  Cal. 

LEDOUX  &  COMPANY 

Assayere  and  Samplers 
99  John  Street                   NEW  YORK 

Independent  Ore  and  Metal  Samplers. 

Representatives  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 

H.  KENYON  BURCH 

Ncchaiical  ant  Mctallariical  EHfiieer 

Gftxe  The  Sierra  Madre  Club 

L.  A.  ZnTestment  Bldf . 

Lm  Angeles,  CallfomU 

Designer  and  Builder  of 
Power,  Hoisting.  Pumping, 
Cmahing  and  Milling  PlanU. 

Spedaltiea:  Concentration  of  Ores, 

Eoonomio  Handling  of  Materials 

ROBERT  H.  RICHARDS 

Ore  DrMBtng 
MassaohusetU  Institute  of  Technology 

BOSTON,  MASS. 

GEORGE  WARREN  TOWER,  JR. 

and  Asaoolatea 
Consulting  Geologists  and  Mining  Englnoors 

Examination,  DcTclopment  and  Manage- 
ment Propertiee  Gold,  SiWer,  Copper  and 
Minerals  for  Making  AUoy  Steels. 

134  Woodland  Ave. 

NEW  ROCHEUE,  NEW  YORK 

• 

J.  PARKE  CHANNING 

Consulting  Englntor 
61  Broapwat                  new  YORK 

JOHN  HAYS  HAMMOND 

Consulting  Englnoor 

120  Broadway                 NEW  YORK 
Code:  BedlfardrMcNeOl 

POPE  YEATMAN            EDWIN  S.  BERRY 

POPE  YEATMAN 

Consulting  Mining  Englnoors 

Examination,  Development  and 
Management  of  Properties. 

Ill  Broadway,  New  York 

Cable:                        Code: 
Ikona                 BedfordrMcNM 
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Colorado  Iron  Worka  Co.,  Denver,  Colo.  • 
Traylor  Eni^neering  &  Mfg.  Co.,  Allentown, 
Pa. 

Fire  Ckj 

Harobon-Walker  Refraotories  Co.,  Farmers* 
Bank  Bldg..  Pittoburgh.  Pa. 

LaTino  and  Co.,  E.  J.,  BuUitt  Bldg.,  Phila- 
delphia, Pa. 
Flotatioa,  OU 

Colorado  Iron  Works  Co.,  Denver,  Colo. 

Flat  Welding  Machlnei 

Maoleod  Co.,  Bogen  St.,  Cinoinnati,  Ohio. 

Fluoreacent  Calcium  Tungstate 

Primoa  Chemical  Co.,  Primos,  Pa. 

Flnorspar  (Domestic  and  Foreign)  

Lavino  and  Co..  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Forges,  OU  and  Rivet  ,  ^, , 

Maoleod  Co.,  Bogen  St.,  Cinoinnati,  Ohio. 

Forgings,  Heavy 

Holmes  A  Bros.,  Ino.,  Robt.,  80  N.  Hasel  St.. 
DanviUe.  lU. 

FoUer  Mill  Parts 

American  Manganese  Steel  Co.,  MoCormiok 
Bldg.,  Chicago.  111. 
Furnaces,  Assay  ,  _ 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 

St.  Louis.  Mo. 
Madeod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 
New  York  City. 
Fornaces,  Electric 

General  Electric  Co.,  Soheneotady,  N.  Y. 
HeU  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 
Furnaces,  Flue  Welding 

Maoleod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 

Furnaces,  Gas 

Maoleod  Co.,  Bogen  St.,  Cinoinnati,  Ohio. 

Furnaces.  Lead 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Furnaces,  Mechanical  Roasting 

AlUa-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown. 

Pa. 
Wedge  Mechanical  Furnace   Co.,  Greenwich 

Point.  Philadelphia,  Pa. 
Worthington    Pump   A  Machinery  Corp'n., 
115  Broadway,  New  York  City. 
Furnaces.  Muffle 

Maoleod  Co.,  Bogen  St.,  Cinoinnati,  Ohio. 

Furnaces.  Oil 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 
Furnaces.  Reverberatory 

Maoleod  Co.,  Bogen  St.,  Cinoinnati,  Ohio. 
Furnaces,  Smelting 

Colorado  Iron  Worka  Co.,  Denver,  Colo. 

Traylor  Engineering  A  Mfg.  Co.,  Allentown, 
Pa. 
Furnaces.  Tire  Heating 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Oaars 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Generators,  Acetylene  Welding  and  Cutting 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Generators,  Electric 

Allia-ChalmerB  Mfg.  Co.,  Milwaukee.  Wis. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Goodman   Mfg.  Co..   Halatead  St.  A  48th 

Place.  Chicago,  111. 
Weatinghouse   Electric   A    Mfg.    Co.,   East 

Pittsburgh,  Pa. 
Grinders,  Sample 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown. 

Pa. 


Grizzly  A  Riffle  Bars  (For  Hydraulic  Minea)    , 
American  Manganese  Steel  Co.,  MeCormiok 
Bldg.,  Chicago,  111. 

Guns,  Cement  ^,     .        .  ^^. 

Maoleod  Co.,  Bogen  St.,  Cinomnati,  Ohio. 

Guna,  Concrete  .  ^. . 

Maoleod  Co.,  Bogen  St.,  Cinoinnati.  Ohio. 

Gyratory  Crusher  Parts 

American  Manganese  Steel  Co.,  MeCormiek 
Bldg..  Chicago.  111. 

Hangers,  Mine  .^    „ 

Johns-ManvUle   Co..    H.  W..  296  Madlsoa 
Ave..  New  York  aty. 

Hltchings  Mine  Car  —        ,     _ 

Maoomber  A  WhytelRopalGo..  yanoaha,  Wla. 

Hoists.  Electric  ^^ 

Allis-Chalmers  Mfg.  Co.,  MUwaukea.  Wia. 
Flory  Mfg.  Co..  S..  Bangor.  Pa. 
General  Eleotrio  Co..  Scbeneetady.  N.  T. 
Jeffrey  Mfg.  Co..  902  N.  4th  St..  Columboa. 

Ohio. 
Vulcan  Iron  Worka,  1744  Main  St..  WSkm- 
Barre.  Pa. 

Hoists,  Skip 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbia, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadvaj. 

New  York  City.  ^       ,„ 

Traylor  Engineering  A  Mfg.  Co..  AlUniown. 

Pa.  ,.  «      , 

Worthington  Pump   A  Machinery  Corp  n-. 

115  Broadway.  New  York  City. 
Hoists,  Steam  ^^ 

Allia-Chalmers  Mfg.  Co.,  MUwaukea.  Wb. 
Flory  Mfg.  Co..  S..  Bangor.  Pa.  ^,  ^      ,  ^ 
Holmea  A  Bros.,  Inc..  Robt.,  30  N.  Haasl  Bt.. 

Danville.  111.  _        ^«       ^ 

Mine  and  Smelter  Supply  Co.,  4S  Broadway. 

New  York  City.  „      .„  ^. 

Sullivan  Machinenr  Co.,  122  So.  Bflobisaa 

Ave..  Chicago,  lU.  

Vuloan  Iron  Works.  1744  Main  St..  WQkM- 

Barre,  Pa. 

Hoppers,  Weigh  «...  —      ,  - 

Holmes  A  Bros.,  Inc..  Robt.,  80  N.  Haael  Bi.. 
DanviUe.  111. 

Hose,  Air  ^      ^  ^  . 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo- 
Goodrich  Rubber  Co..  B.  F..  Akron.  O. 

Hydrated  Ferric  Oxide  (For  Gas  Poriilcatioii) 
Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia. Pa. 

Hydraulic  Mining  Machinery  ^^ 

AUis-Chalmers  Mfg.  Co..  Mawankee,  Wia. 

InsuUtors,  Third  RaU  „    „     ..^^  ,.  j. 

Johns-Manville   Co..    H.  W..  290  Madiaoa 
Ave..  New  York  City. 

Jackets,  Water  ^ 

Traylor  Engineering  A  Mfg.  Co.,  AUaatowa. 
Pa. 
Jaw  Crusher  Parts  .  ^      ^,  ^       .  . 

American  Manganese  Steel  Co.,  McCornnek 
Bldg..  Chicago,  111. 

**  AUie-Chalmero  Mfg.  Co..  Milwaukee,  Wla. 
Colorado  Iron  Works  Co..  Denver.  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City.         ^         ^       ...     . 
Traylor  Engineering  A  Mfg.  Co.,  AUentova, 

Pa. 
Worthington  Pump  A  Machinery  Corp'a.. 

116  Broadway,  New  York  City. 

Laboratory  Supplies 

Heil  Chemical  Co.,  Henry,  210-214  8. 4th  St., 
St.  Louis.  Mo. 

Lamps,  Acetylene  «      ^     ,         .   _. 

Maoleod  Co.,  Bogen  St..  Cinoinnati.  Ohio. 

Lamps,  Electric 

General  Electric  Co.,  Seheneetady,  N.  Y. 
Weatinghouse  Eleotrio  A   Mfg.   Co.,   Baal 

"     ibi     ■    ~ 
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Bulletin  of  the 

American   Institute  of 

Mining  Engineers 


HE  BULLETIN  of  the  American  Institute  of 
Mining  Engineers,  the  official  publication  of  the 
Institute,  is  published  monthly  and  averages  260 
pages  each  issue. 

It  contains  the  first  publication  of  the  professional  and 
technical  papers  of  the  Institute,  notices  and  reports  of  meet- 
ings, timely  reports  of  the  activities  of  Engineers  in  general, 
especially  in  connection  with  governmental  work,  accessions 
of  books  to  the  Library,  and  other  current  news  and  technical 
material  of  interest  in  connection  with  mining  and  metallur- 
gical operations. 

The  circulation  of  each  issue  of  the  Bulletin  averages  7000 
copies,  including  the  entire  membership  of  the  Institute.  This 
distribution  may  be  justly  regarded  as  a  preferred  list  of  the 
leading  Mining  Engineers;  Mine  Managers;  Superintendents; 
Managers  of  ore  and  coal  dressing  mills,  and  of  smelting  and  re- 
fining plants;  Operating  Executives  of  steel,  copper,  and  other 
metal  plants;  Metallurgists;  Mining  Geologists;  and  others 
prominently  identified  with  the  entire  range  of  mining  and 
the  refining  of  all  varieties  of  mine  products. 

The  Bulletin,  aside  from  its  position  as  the  official  organ  of 
the  Institute,  has  a  special  field  of  service  in  that  it  is  the  only 
periodical  in  America  which  covers  all  phases  of  mining  activi- 
ties— ^metals,  both  ferrous  and  non-ferrous;  coal;  non-metallic 
minerals,  etc.  This,  combined  with  the  distinctive' character 
of  its  circulation  and  the  purchasing  power  of  its  readers  makes 
the  Bulletin  an  exceptionally  effective  medium  in  which  to  ad- 
vertise mining  and  metallurgical  equipment  and  supplies. 


American  Institute  of  Mining  Engineers 

29  West  39th  Street,  New  York,  N.  Y. 
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Cruihint  Rolls  (See  Rolls,  Crashinc) 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus, 
Ohio. 

Cvpro-MASiiesiam  Metal 

LaTino  and  Co.,  E.  J.,  BulUtt  Bldg.,  Phila- 
delphia, Pa. 

Cttpro- Vanadium 

PrimoB  Chemical  Co..  Plimos,  Pa. 

Cyanide 

Roeesler  A  Hasslaoher   Chemioal   Co.,    100 
William  St.,  New  York  aty. 

Cyanidinf  Equipment 

AlUs-Chalmers  Mfc.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co.,  Denrer,  Colo. 
Dorr  Co.,  Denrwr,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  dk  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  A   Machinery  Corp'n., 

115  Broadway.  New  York  City. 

Dead  Burned  Magneaite 

Harbison- Walker  Refractories  Co.,  Farmers' 
Bank  Bldg.,  PitUburgh,  Pa. 

Dawaterers 

Colorado  Iron  Works  Co..  DenTOr,  Colo. 
Dorr  Co..  Denver,  Colo. 
Traylor  Engineering  A  Mfg.  Co..  AUentown. 
Pa. 

Diamond  Drining 

Loncyear   Co..  R.   J.,   710   Security   Bldg., 
XfrnneapoUs,  Minn. 

Dredjdng  Machinery 

Flory  Mfg.  Co.,  S.,  Bangor,  Pa. 

Drill  Hole  Compass  (See  Compass,  Drill  Hole) 

Drills,  Core 

Loncrear  Co.,   R.   J.,   710  Security   Bldg., 

Minneapo" 
Sullivan  Machinery  Co..  122  So.  Michigan 


Linneapolis,  Minn, 
ry 
Ave.,  Chicago,  111. 


Drills,  Diamond 

Longyear   Co.,   E.   J.,   710  Security   Bldg.. 

Minneapolis.  Minn. 
Sullivan  Machinerv  Co..  122  So.  Michigan 

Ave..  Chicago.  lu. 

Drills,  Blectric 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus. 
Ohio. 
Drills.  Hammer 

Denver  Rock  Drill  Mfg.  Co.,  Denver.  Colo. 
Sullivan  Machinery  Co..  122  So.  Michigan 
Ave.,  Chicago,  111. 

Drills,  Prospecting 

Sullivan  Maoninerv  Co.,  122  So.  Michigan 
Ave.,  Chicago,  lU. 

Drills,  Rock 

Denver  Rock  Drill  Mfg.  Co..  Denver.  Colo. 
Sullivan  Machineiy  Co.,  122  So.  Michigan 
Ave.,  Chicago,  111. 

Dryers.  Ore 

Traylor  Engineering  A  Mfg.  Co..  Allentown. 

Pa. 
Wedge  Mechanical  Furnace  Co.,  Greenwich 

Point.  Philadelphia,  Pa. 

Dryers,  Rotary 

Fuller-Lehigh  Co.,  FuUerton,  Pa. 

Dryers,  Sand  and  Gravel 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Dumps,  Rotary 

Wood   Equipment   Co.,   McCormick   Bldg., 
Chicago,  ill. 

Dynamite 

Du  Pont  de  Nemours  A  Co.,  E.  I.,  Wilming- 
ton. Del. 

Dynamos  (See  Oeaerators,  Electric) 


Weetinghouse   Eleetrio   A   Mfg.   Co.,   East 


I 


Electrical  Machinery 

Genera]  Electric  Co.,  Seheneotady,  N.  T. 
lal  -  -^        - 

Pittsburgh,  Pa 

Elevators,  Bucket 

Buchanan  Co.,  C.  G.,  00  West  St.,  N«w  York 

City. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Colnmbas. 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  ABantowa, 

Pa. 
Worthington   Pump  A  Machinery  Corp'n., 

115  Broadway,  New  York  City. 

Emery  Ore 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 

End  Loaders  (See  Loaders,  End) 

Engines,  Gas  and  Gasoline 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wfa. 

Engines,  Hanlaga 

Holmes  A  Bros..  Ino..  Robt..  80  N*.  Haael  St.. 
DanviUe.  111. 

Engines,  Hoisting 

Flory  Mfg.  0>..  8..  Bangor.  Pa. 

Holmes  A  Bros..  Inc..  Robt..  30  N.  Hasel  St., 

DanvUle.  III. 
Vulcan  Iron  Works.  1744  Main  St.,  Wliko- 

Barre.  Pa. 

Engines,  Oil 

Allis-Chalmers  Mfg.  Co..  Milwaukee.  Wia. 
Worthington  Pump  A   Machinery  Covp'B., 
115  Broadway.  New  York  dty. 

Engines,  Steam 

AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Explosives 

Du  Pont  de  Nemours  A  Co.,  E.  I..  WUming- 
ton,  Del. 

Fans,  VantUating 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Vulcan  Iron  Worka.  1744  Main  St..  Wllkes- 

Barre,  Pa. 

Feeders.  Ore 

Buchanan  Co..  C.  G..  00  Weat  St,  Naw  York 

CXty. 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  Colombus, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg., 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co..  AUentown, 

Pa. 

FerrO'Chrome 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia. Pa. 

Ferro-Manganese 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia. Pa. 

Ferro  -Molybdenum 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia. Pa. 
Primos  Chemical  Co.,  Primos.  Pa. 

Ferro-Silicon 

Lavino  and  Co..  E.  J..  Bullitt  Bldg.,  Phila- 
delphia. Pa. 

Ferro-Tungsten 

Lavino  and  <>>.,  E.  J..  Bullitt  Bldg..  Phila- 
delphia. Pa. 

Primos  Chemical  Co.,  Primoa.  Pa. 
Ferro-Vanadinm 

Primos  Chemical  Co.,  Primoa.  Pa. 

Filtering  Paper 

Hell  Chemioal  (Do.,  Henry.  210-214  S.  4tk  St.. 
St.  Louis,  Mo. 
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L«md  Acetate 

HeQ  Chemieal  Co.«  Henry,  210-214  S.  4th  St., 
St.  Lookt  Mo. 

Linian,  B«U  and  Tube 

"nraylor  Engineering  A  Mfg.  Co.,  AUentown, 
Pa. 

LiniBgi,  Brake 

Johne-ManTille   Co.,    H.  W.,  296  Madison 
▲▼e..  New  York  City. 

Litharge 

Heil  Chemical  Co.,  Henry.  210-214  8. 4th  St., 
St.  Louie,  Mo. 

Loadera,  Bnd 

Hounee  A  Bros..  Ine.,  Robt.,  80  N.  Haiel  St.. 
Danville.  111. 

Loading  Booms 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus, 
Ohio. 

LocomotiTos,  Comfiressed  Air 

General  Eleotrio  Co.,  Scheneotady,  N.  Y. 
Vulcan  Iron  Works.  1744  Main  St..  Wilkea- 
Barre,  Pa. 

LocomotiTes,  Electric  Trolley 

General  Electric  Co.,  Schenectady.  N.  Y. 
Goodman   Mfg.  Co..  Halstead  St.  A  48th 

Place,  Chicago.  111. 
JelTrey  Mfg.  Co.,  002  N.  4th  St..  Columbus, 

Ohio. 
Westinghouse   Electrio   ft    Mfg.   Co..   East 

Pittoburgh.  Pa. 

LocomotiTOS,  Gasoline 

Vulcan  Iron  Works.  1744  Main  St.,  Wilkea- 
Barre,  Pa. 

LoepmotiTes.  Steam 

Vulcan  Iron  Works.  1744  Main  St.,  Wilkes- 
Barre,  Pa. 

LocomotiTes,  Storage  Battery 

General  Electnc  Co..  Schenectady.  N.  Y. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Westinghduse   Electrio   ft    Mfg.    Co.,   East 

Pittsburgh.  Pa. 

Low  Carbon  Ferro-Manganese 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 


Magnesia  Brick 

Harbison- Wslker  Refractories  Co.,  Farmers' 
Bank  Bldg..  Pittsburgh.  Pa. 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Magnestte  Cement 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia. Pa. 

Magnesium  Metal  (Ingots  and  Powder.) 

Lavino  and  Co..  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Magnetic  Pulleys  (See  Pulleys,  Magnetic) 

Manganese  Dioxide  (Lump  and  Ground) 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Manganese  Ore 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Meters,  Electric 

General  Eleotrio  Co..  Schenectady.  N.  Y. 
Westinahouse    Electric    ft    Mfg.    Co..    East 
Pittsburgh.  Pa. 


Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

MilU,  BaU,  Tube  and  Pebble 

Allt8-(;halmer8  Mfg.  Co ,  Milwaukee,  Wis 
Colorado  Iron  Work«  Co.,  Denver,  Colo. 
Fuller-Lehigh  Co.,  Fullerton,  Pa. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 


Traylor  Engineering  ft  Mfg.  Co..  AUentown. 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n.. 

115  Bro    ■  -^        -    ■    - 

Mills.  Chilean 


imp 
,  Ne 


115  Broadway,  New  York  C^ty. 


ty. 
Westinghouse   Electric   ft   Mfg.   Co.,   East 


Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co..  AUentown, 
Pa. 

Mills,  Stamp 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co..  Denver.  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 
Worthington   Pump  ft   Machinery  Corp'n. 

115  Broadway.  New  York  City. 

Mine  Car  Hitchings  (See  Hitehings.  Mine  Car). 

Molybdate  of  Ammonia 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdate  of  Calcium 

'       Primos  Chemieal  Co.,  Primos,  Pa. 

Molybdate  of  Soda 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdenum  Metal 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdenum  Ore,  Buyers  of 

Primos  Chemical  Co.,  Primoa,  Pa. 

Molybdic  Acid 

Primoe  Chemical  Co..  Primos.  Pa. 

Motors,  Electric 

AlUs-Chalmera  Mfg.  Co.,  Milwaukee.  Wb. 
General  Electric  Co.,  Schenectady.  N.  Y. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  Cit 

lal 
PitUburgh,  Pa. 

MufBes 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 


Ore-Bedding  Systems 

Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 
New  York  City. 

Ore  Handling  Machinery 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 

New  York  City. 

Ore  MUUng  Machinery 

Colorado  Iron  Works  Co..  Denver.  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Worthington    Pump    &  Machinery  Corp'n.. 
115  Broadway.  New  York  City. 

Ores.  Buyers  and  SeUers  of 

Beer,    Sondheimer    ft    Co.,    61    Broadway, 

New  York  City. 
Vogelatein   ft   Co.,   Inc.,  L.,  42   Broadway, 
New  York  City. 
Ozy-Acetylene  Apparatus 

Maoleod  Co..  Bogen  St.,  Cinoinnati,  Ohio. 

Packings,  Steam 

Jobns-Manville    Co.,  H.   W.,  206    Madison 

Ave..  New  York  City. 
Goodrich  Rubber  Co..  B.  F..  Akron,  O. 
Painting  Machines 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Pipe  Insulatioas 

Johns-ManvUle    Co.,  H.   W.,  206    Madison 
Ave.,  New  York  City. 
Plate  Metal  Work 

Holmes  ft  Bros.,  Inc.,  Robt.,  30  N.  Haael  St., 
Danville.  III. 

Platinum  Wire,  Foil  ft  Ware 

HeU  Chemical  C:o.,  Henry.  210-214  S.  4th  St. 
St.  Louis,  Mo. 
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Powder,  Blattinc 

Dtt  Pont  de  Nemoun  St  Co.,  E.  I.,  WUminc- 
ton.  Del. 

Powdered  Coal  Bquiymeat 

FuUer-Lehish  Co.,  Fullerton,  Pa. 

Power  Tnuumitaioa  Mechiaery 

Jeffrey  Mfg.  Co..  902  N.  4th  St..  Colttmbua, 

Ohio. 
Traylor  Engineetinc  A  Mfg.  Co..  Allentown. 

Pe. 

Presiei,  Filter 

Worthington  Pump  A   Maehinery  Corp'n.. 
116  Broadway.  New  York  City. 

PnUeyt,  Magnetic 

Buchanan  Co.,  C.  G..  00  Weet  St..  New  York 
City. 

Pulverizer  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  III. 

PolTericers 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louie,  Mo. 

PuWerizers.  Coal  and  Coke 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 

Ohio. 
Traylor  Engineering  db  Mfg.  Co.,  Allentown, 

Pa. 

PttlTerlxers,  Ore 

Fuller>Lehigh  Co.,  Fullerton,  Pa. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  St  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump   A  Machinery  Corp'n., 

115  Broadway,  New  York  City. 

PamBS.  Acid 

Worthington   Pump  St   Machinery  Corp'n., 
115  Broadway.  New  York  City. 

Pumps.  Centrifugal 

Aliis-Chalmere  Mfg.  Co..  Milwaukee,  Wis. 
Worthington   Pump  St   Machinery  Corp'n., 
115  Broadway,  New  York  City. 

Pumps.  HydranUc  Pressure 

Worthington   Pump  St   Machinery  Corp'n., 


imp 
115  Broadway,  New  York  City. 

lery 
Are.,  Chicago,  III 


van  Machinery  Co..  122  So.  Michigan 


Pumps.  Pneumatic  Air  Lift 
SuIU 
Ai 

108,1 

Won 
11 

PumpSf  Sand 


Pumps,  Power 

Worthington  Pump   Sc   Machinery  Corp'n.. 
115  Broadway.  New  York  City. 


Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  City. 
Traylor  Engineering  St  Mfg.  Co.,  Allentown, 

Pa. 


115  Broadway.  New  York  City. 


orthington   Pump  St   Machinery  Corp'n., 
■        .  N«     "        " 

imp 
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115  Broadway,  New  York  City. 


Pumps,  Stuff 
W 

Worthington    Pump   St   Machinery  Corp'n., 


orthington   Pump   St   Machinery  Corp'n., 
115  Broadway,  New  York  City. 


Pumps,  Track 


Pumps,  Sinking 
W 

'«? 

Pyxometers 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Quarrying  Machinery 

Sullivan  Machinery  Co.,  122  So.  Miohigan 
Ave.,  Chicago,  111. 

Quicksilver 

Beer.    Sondheimer    St    Co.,    51    Broadway. 
New  York  City. 


Refractories 

Harbbon- Walker  Refraetoriee  Co.,  Farmero' 
Bank  Bldg..  PItUbnrgh.  Pa. 
Respirators 

Goodrich  Rubber  Co..  B.  P..  Akron.  O. 

Heil  Chemical  Co..  Henry,  210-214  8. 4tli  St. 
St.  Louis.  Mo. 

Revolving  Screen  Parts 

American  Manganese  Steel  Co..  McCeeiaiek 
Bldg.,  Chicago,  111. 

Rock  Drill  Steel  (See  Steel,  DriU) 

Rods,Dria 

Colonial  Steel  Co..  Keystone  Bldg.,  Pitts- 
burgh. Pa. 
International  High  Speed  Steel  Co..  99  Nas- 
sau St..  New  York,  N.  Y. 

RoUer  Mill  Parts 

American  Manganeee  Steel  Co..  MeCormiek 

Bldg..  Chicago.  111. 
Rolls,  Crushing 

Buchanan  Co.,  C.  Q.,  90  West  St.,  New  York 

City. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 

Ohio. 
Traylor  Engineering  St  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  St  Maehinery  Corp'n., 

115  Broadway,  New  York  City. 

Roollncs,  Asbestos  and  Rubber-type 

Johns-Manville    Co.,    H.  W.,  296  Madlaoa 
Ave.,  New  York  City. 

RopOp  Wire 

Leechen  St  Sons  Rope  Co.,  A.,  920  N.  Ist  St.. 

St.  Louis.  Mo. 
Maoomber  St  Whyte  Rope  Co.,  Kenoeha,  Wis. 
Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Rope  Fastenings,  Wire 

Maoomber  St  Whyte  Rope  Co.,  Kenoeha.  Wb. 
Roebling  s  Sons  Co..  John  A..  Trenton.  N.  J. 

Rubber  Goods,  Mechanical 

Qoodrioh  Rubber  Co.,  B.  F.,  Akron,  O. 

Samplers,  Ore 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  St  Mfg.  Co..  Allentown, 

Pa. 
Worthington    Pump  St  Maehinery  Corp'n.^ 

115  Broadway.  New  York  City. 

Scoriflers 

Heil  Chemical  Co.,  Henry,  210-214  8.  4th 
St.,  St.  Louis,  Mo. 

Screens,  Bar 

Holmea  St  Broe.,  Inc.,  Robt.,  30  N.  Haael  St.. 

Danville,  111. 

Screens,  Perforated  Metal 

Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Columboe, 

Ohio. 
Screens.  Revolving 

Buchanan  Co..  C.  O..  90  West  St..  New  York 

City. 
Colorado  Iron  Works  Co..  Denver.  Colo. 
Jeffrey  Mfg.  Co..  902  N.  4th  St..  Columbus, 

Ohio. 
Mine  and  Smelter  Supply  Co..  42  Broadway. 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg.. 

New  York  City. 
Traylor  Engineering  St  Mfg.  Co..  Allentown, 

Pa. 
Worthington  Pump  AMaeUnery  Corp'n 

115  Broadi 

Screens.  Shakinc 


imp 
.  Ne 


115  Broadway.  New  York  City. 


Hofmee  St  Bros..  Inc..  Robt.,  30  N.  Hasel  St.. 

Danville.  III. 
Sepsrators,  Magnetic 

Buchanan  Co..  C.  Q..  00  West  St..  New  York 

City. 

Shaft  Sinking  and  Development  Work 

Longyear   Co.,    E.   J..   710  Security   Bldg.. 
Minneapolis,  Minn. 
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Sharpenen,  Drill 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo. 
Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  lu. 

SUica  Brick 

Harbiaon- Walker  Refractoriea  Co.,  Farmer*' 
Bank  Bldg.,  PitUburgh,  Pa. 

Skip  Hoiats  (See  Hoiata,  Skip) 

Maoomber  A  Whyte  Rope  Co.,  Kenoaha,Wia. 
Roebling'a  Sona  Co.,  John  A.,  Trenton,  N.  J. 

Smeltera 

Beer,    Sondheimer    A   Co.,    61    Broadway, 

New  York  City. 
Vogelatein  A  Co.,   Ino.,  L.,  42  Broadway, 

New  York  City. 

SmaltinjK  Machinery 

Allia-Chalmere  Mfg.  Co.,  Milwaukee,  Wla. 
Colorado  Iron  Worka  Co.,  Denver,  Colo. 
Traylor  Engineering  &  Mfg.  Co.,  Allentown, 

Pa. 
Worthlngton  Pump  A  Machinery  Corp'n., 

115  Broadway,  New  York  City. 

SodaAah 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louia,  Mo. 

Spelter 

Illinoia  Zinc  Co.,  Peru,  111. 

Spiaceleiaen 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Sprocket! 

American  Manganeae  Steel  Co.,  McCormick 
Bldg.,  Chicago,  111. 

Stamp  MiU  Parts 

American  Manganese  Steel  Co.,  MoCormiok 
Bldg.,  Chicago,  111. 

Steel,  Crucible 

Colonial  Steel  Co.,  Keystone  Bldg.,  Pitta- 
burgh,  Pa. 

Steel,  Drill,  HoUow  and  Solid 

Colonial  Steel  Co.,  Keystone  Bldg.,  Pitts- 
burgh, Pa. 

Denver  Rock  Drill  Mfg.  Co.,  Denver.  Colo. 

International  High  Speed  Steel  Co.,  99  Naa- 
aau  St.,  New  York,  N.  Y. 

Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  111. 

StaeL  Tool 

Colonial  Steel  Co.,  Keystone  Bldg.,  Pitta- 
burgh,  Pa. 

International  High  Speed  Steel  Co.,  99  Nas- 
sau St..  New  York,  N.  Y. 

Stokers 

Westinghouse  Electric  A  Mfg.  Co.,  East 
Pittsburgh,  Pa. 

Switchboarda 

General  Electric  Co.,  Schenectady,  N.  Y. 
Westinghouse   Electric    A    Mfg.    Co.,    East 
Pittoburgh,  Pa. 

Tables,  Concentrating  (See  Concentrators) 

Teat  Lead 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louia,  Mo. 

Thawera,  Switch 

Madeod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 

Thermometers 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Thickeners,  Slime 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Dorr  Co.,  Denver,  Colo. 

Tipple  Machinery  Equipment 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus. 
Ohio. 

Torches,  Cutting  and  Welding 

Maoleod  Co..  Bogen  St.,  Cincinnati,  Ohio. 


Towers  and  Bridgea,  Stocking  and  Reclaiming 
Robina  Conveying  Belt  Co..  Park  Row  Bldg., 
New  York  fety. 

Tramways,  Wire  Rope,  Aerial 

Leaohen  A  Sons  Rope  Co.,  A.,  920  N.  1st  St., 

St.  Louis,  Mo. 
Maeomber  A  Whyte  Rope  Co.,  Kenosha.Wis. 
Roebling's  Sons  Co..  John  A.,  Trenton,  N.  J. 

Trattsformers,  Electric 

General  Electric  Co.,  Schenectady,  N.  Y. 
Westinghouse   Electric    A   Mfg.    Co.,   East 
Pittsburgh.  Pa. 

Traps,  Staam 

Johna-Manville  Co^   H.   W.,  296   Madiaon 
Ave.,  New  York  City. 

Tungatate  of  Ammonia 

Primoa  Chemical  Co.,  Primoa,  Pa. 

Tungstate  of  Soda 

Primos  Chemical  Co.,  Primes,  Pa. 

Tuncaten  Metal 

Xavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia. Pa. 
Primoa  Cnemical  Co.,  Primos,  Pa. 

TttAgsten  Ore 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Tungaten  Ore,  Buyers  of 

Primos  Chemical  Co.,  Primoa,  Pa. 

Tuagatlc  Acid 
^Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 
Primoa  Chemical  Co..  Primos,  Pa. 

Turbinea,  Hydraulic 

Allia-Chalmera  Mfg.  Co.,  Milwaukee,  Wis. 

Turbines,  Steam 

Allia-Chalmers  Mfg.  Co.,  Milwaukee,  Wb. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Westinghouse   Electric   A   Mfg.    Co..    East 
Pittsburgh,  Pa. 

Valvea,  Pump 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 

Vanadate  of  Ammonia 

Primos  Chemical  Co..  Primos,  Pa. 

Vanadic  Acid 

Primos  Chemical  Co.,  Primos,  Pa. 

Vanadium  Chloride 

Primoe  Chemical  Co.,  Primos.  Pa. 

Vanadium  Ore,  Buyers  of 

Primos  Chemical  Co.,  Primos,  Pa. 

Ventilating  Pana  (See  Fans,  Ventilatinc) 

Wagon  Loadera 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 
Ohio. 

Weigh  Hoppers  (See  Hoppers,  Weigh) 

Wheels 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  111. 

Wheels.  Mine  Car 

Fuller-Lehigh  Co.,  FuUerton,  Pa. 

Wire,  Iron^  Steel  and  Copper 

Roebling's  Sons  Co.,  John  A..  Trenton,  N.  J. 
Wire  Mechanism  (Lever  Control) 

Gwilliam  Co..  253  W.  58th  St.,  New  York 
City. 

Wire  Rope  (Sec  Rope,  Wire) 
Wires  and  Cables,  Electrical 

General  Electric  Co..  Schenectady,  N.  Y. 

Goodrich  Rubber  Co.,  fi.  F.,  Akron.  O. 

Roebling's  Sons  Co.,  John  A..  Trenton,  N.  J. 

Zinc  Dust 

Vogelatein  A  Co.,  Inc.,  L.,  42   Broadway, 
New  York  City. 

Zinc  Sheet 

Illinois  Zinc  Co.,  Peru,  III. 
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Pagb 
AUlB-Chalmers  Mfg.  Co.,  Milwaukee,  Wa \ • 

PRODUCTS:  Mining  Machinery  of  Every  Type.  Complete  Power  and  Electrical  Equip- 
ments. 

American  Manganese  Steel  Co.,  McCormick  Building,  Chicago,  111 23 

PRODUCTS:  Castings  for  Mining  Machinery  Parts. 

Beer,  Sondhelmer  &  Co.,  Inc.,  61  Broadway,  New  York * 

PRODUCTS:  Bayers,  Smelters  and  Refiners  of  Ores  and  Metals  of  all  classes. 

Bemia  Bro.  Bag  Co.,  65  Poplar  St.,  St.  Louis • 

PRODUCTS:  Canvas  Tubing  for  Air  Systems  in  Mines. 

Buchanan  Co.,  C.  G.,  90  West  St.,  New  York  City 13 

PRODUCTS:  Crushing  and  Magnetic  Concentrating  Plants  Complete  in  All  Details.  Rock 
and  Ore  Crushers,  Crushing  Rolls,  Magnetic  Separators,  Revolving  S<a«ens,  Bucket  Elevators, 
Ore  Feeders. 

Colonial  Steel  Co.,  Pittsburgh,  Pa 9 

PRODUCTS:  DriU  Steel,  Tool  Steel.  Crucible  and  High  Grade  Open  Hearth  Steel. 

Colorado  Iron  Works  Co.,  Denver,  Colo Inside  Front  Coto 

PRODUCTS:  Complete  Equipment  for  Cyanide  and  Concentrating  Mills  and  Smelting  Plants. 

Deister  Concentrator  Co.,  Ft.  Wajme,  Ind 

PRODUCTS:  Deister,  Overstrom  and  Deister-Overstrom  Tables  in  either  Single  or  Doable 
Deck  Types. 

DenTer  Rock  Drill  Mfg.  Co.,  Denver,  Colo 

PRODUCTS:  Air  and  Electric  Rook  Drills,  Drill  Sharpeners.  Manufacturers  of  "Wani^" 
and  "Denver"  Drills. 

Derby,  Jr.,  E.  L.,  Agent,  Ishpeming,  Mich 

PRODUCTS:  The  Mass  Drill  Hole  Compass  for  determining  direction  and  dip. 

Dorr  Co.,  Denver,  Colo 

PRODUCTS:  Machinery  in  use  for  Cyanidin^.  Wet  Gravity  Concentration.  Flotation, 
Leaching  Copper  Ores  and  many  non-metallurgical  industrial  processes. 

Du  Pont  de  Nemours  &  Co.,  £.  I.,  Wilmington,  Del 

PRODUCTS:  Explosives,  Blasting  Powder,  Dynamite,  etc. 
Flory  Mfg.  Co.,  S.,  Bangor,  Pa 

PRODUCTS:  Mine  and  Contractors'  Hoists,  Cableways,  Capstans,  Winches,  Manne 
Railway  Hoists,  etc. 

Fuller-Lehigh  Co.,  Fullerton,  Pa 21 

PRODUCTS:  The  Fuller-Lehifch  Pulverizer  Mill,  Cement  Mill  Machinery,  Powdered  Coal 
Equipment,  Gyratory  Crushers.  Roll  Crushers,  Rotary  Dryers.  Car  Wheels  and  Axles. 
Chemical  Castings.  Charcoal  Iron  Castings,  Chilled  Castings. 

General  Electric  Co.,  Schenectady,  N.  Y Outside  Back  Cover 

PRODUCTS :  Electric  Mine  Locomotives.     Electric  Motors  for  Operating  Mining  Machinery. 

Goodman  Mfg.  Co.,  Chicago,  111 • 

PRODUCTS:  Electric  and  Air  Power  Coal  Cutters.  Electric  Mine  Locomotives.  Power 
Plants. 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O Inside  Back  Cover 

PRODUCTS:  Goodrich  "Longlife,"  "Dredge,*'  Vanner.  Take-off  and  Magnetic  Separator 
Conveyor  Belts. 

Gwilliam  Co.,  253  West  58th  St.,  New  York  City • 

PRODUCTS:  Ball  and  Roller  Bearings.  The  Bowden  Patent  Wire  Mechanism  for  the 
Transmission  of  Reciprocating  Motion  Through  a  Flexible  and  Tortuous  Route. 

Harbison -Walker  Refractories  Co.,  Pittsburg,  Penna. * 

PRODUCTS:  Refractories  for  Blast  Furnace  and  the  Open  Hearth,  Electrical  Furnaees, 
Copper  Smelting  Plants.  Lead  Refineries.  Nickel  Smelters,  Silver  Slimes  and  Dross  Furnaces, 
Alloy  Furnaces,  as  well  as  all  other  types  in  use  in  the  various  metallurgical  processes. 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th.  St.,  St.  Louis,  Mo 29 

PRODUCTS:  Chemicals  and  Chemical  Apparatus.  Supplies  for  Mines,  Smelters,  iron 
and  Steel  Works,  Schools,  Colleges,  and  Universities. 

Holmes  &  Bros.,  Inc.,  Robt.,  30  N.  Hazel  St.,  Danville,  111 11 

PRODUCTS:  Engineers,  Founders,  Machinists  and  Boiler  Makers.  Builders  of  Hoisting 
and  Haulage  Engines,  Shake  Screens  and  Weigh  Hoppers,  Self  Dumping  Cages  and  Empty 
Car  Lifts,  Mill  and  Mine  Supplies. 

*  Advertisement  does  not  appear  in  this  issue,  but  products  are  listed  in  Classified  List  of  Mining 
and  Metallursical  Equipment. 
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nUnois  Zine  Co.,  Peru.  Ill ♦ 

PRODUCTS:  Spelter,  Sheet  Zino  and  Sulphuric  Acid. 

Intemational  High  Speed  Steel  Co.,  99  Nassau  St.,  New  York  City 7 

PRODUCTS:  DriU  Steel.  Tool  Steel,  DriU  Rode. 

Joilrey  Mfg.  Co.,  902  N.  Fourth  St.,  Columbus,  0 42 

PRODUCTS:  Electric  Coal  Cutters  and  Drills;  Electric  and  Storage  Battery  Locomotives; 
Coal  Tipple  Machinery  including  Elevators,  Conveyors.  Picking  Tables  and  Loading  Booms. 
Car  Hauls,  Car  Dumps,  Screens,  Crushers,  Pulverisers,  Fans,  Hoists,  etc. 

Johns-lianvffle  Co.,  H.  W.,  New  York  City 31 

•  PRODUCTS:  Asbestos  and  Rubber-type  Roofings.  Roof  Coating,  Steam  Packings.  Pipe 
Insulations,  Cements,  Brake  Lining  and  Brake  Blocks,  Steam  Traps,  Third  Rail  Insulators, 
Mine  Hangers.  Moulded  Mica  Weatherproof  Sockets,  Electrical  Tapes  and  Fuses. 

Lavino  &  Co.,  E.  J.,  Bullitt  Bldg.,  Philadelphia,  Pa • 

PRODUCTS:  Ores:  Manganese,  Chrome,  Iron,  eto.    Ferro  Alloys  and  Metals.    Pig  Iron. 

Leschen  St  Sons  Rope  Co.,  A.,  St.  Louis,  Mo * 

PRODUCTS:  Wire  Rope  for  all  purposes,  including  Hercules  Red  Strand  Wire  Rope,  and 
Wire  Ropes  of  Patent  Flattened  Strand  and  Looked;  Coil  constructions.  Aerial  Wire  Rope 
Tramways  for  economical  transportation  of  material. 

Longyear  Co.,  E.  J.,  710  Security  Bldg.,  Minneapolis,  Minn * 

PRODUCTS:  Contract  Diamond  Drilling,  Manufacture  of  Diamond  Drills  and  Suppliss, 
Shaft  Sinking  and  Development  Work,  Geological  Department. 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio * 

PRODUCTS:  Ozy-Aoetylene  Cutting  A  Welding  Apparatus  for  mine  repaix^work,  also  port- 
able oil  burners  for  same  purpose,  metallurgical  furnaces,  carbide  lights,  and  sand  blast  outfits. 

Macomber  &  Whyte  Rope  Co.,  Kenosha,  Wis * 

PRODUCTS:  Monarch  Whvte  Strand  Wire  Rope,  Patent  Kflindo  Non-Rotating  Wire  Rope. 
"Wirt  Rope  of  all  Grades  and  Constructions.    Patent  Monarch  Mine  Car  Hitchings. 

Mine  &  Smelter  Supply  Co.,  42  Broadway,  New  York  City 19 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

Primes  Chemical  Co.,  Primos,  Pa 25 

PRODUCTS:  Molybdenum,  Tungsten  and  Vanadium  Products.  Buyers  of  Molybdenum, 
Tungsten  and  Vanadium  Ores. 

Robins  Conveying  Belt  Co.,  Park  Row  Bldg.,  New  York  City • 

PRODUCTS:  Belt  Conveyors,  Bucket  Elevators,  Ore  Bedding  Systems,  Unloading,  Stocking 
and  Reclaiming  Towers  and  Bridges,  Conveyor  Auxiliaries. 

Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J * 

PRODUCTS:  Wire  Rope  for  Mining  Work.  Stock  shipments  from  agencies  and  branches 
throughout  the  country. 

Roomier  &  Hasslacher  Chemical  Co.,  100  William  St.,  New  York 27 

PRODUCTS:  Cyanide  of  Sodium  and  Other  Chemicals  for  Mining  Purposes. 

Sullivan  Machinery  Co.,  122  S.  Michigan  Ave.,  Chicago,  111 * 

PRODUCTS:  Coal  Pick  Machines,  Air  Compressors,  Diamond  Core  Drills,  Rock  Drills,  Ham- 
mer Drills,  Mine  Hoists,  Chain  Cutter,  Bar  Machines,  Fans. 

Traylor  Engineering  &  Mfg.  Co.,  Allentown,  Pa 15 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

Vogelstein  &  Co.,  Inc.,  L.,  42  Broadway,  New  York • 

PRODUCTS:  Buyers,  Smelters  and  Refiners  of  Ores  and  Metals  of  all  classes. 
Vnlcan  Iron  Works,  Wilkes-Barre,  Pa 5 

PRODUCTS:  Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoisting  and  Haulage  Engines, 
Mining  Machinery,  eto.     Nicholson  Device  for  Prevention  of  Overwinding. 

Wedge  Mechanical  Furnace  Co.,  Greenwich  Point,  Philadelphia,  Pa * 

PRODUCTS:  The  Wedge  Mechanical  Roasting  Furnace  (Patented). 

Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburgh,  Pa * 

PRODUCTS:  The  Baldwin-Westinghouse  Electric  Mine  Locomotives.  Electrical  Machin- 
ery: Turbines,  Generators,  Motors,  etc. 

Wood  Equipment  Co.,  McConnick  Bldg.,  Chicago,  HI * 

PRODUCTS:  The  Pneumatic  Rotary  Dump  (Wood  and  Ramsay  Patents).  Adaptable  to 
all  mining  conditions — old  or  new  operations. 

Worihington  Pump  and  Machinery  Corp'n,  115  Broadway,  New  York 17 

PRODUCTS:  Laidlaw  Feather  Valve  Air  Compressors,  Direct  Acting  and  Centrifugal 
Pumps,  Power  Pumps,  Rock  and  Ore  Oushers,  Criuhing  Rolls,  Tube  Mills,  Converters, 
Woodbury  Jigs,  Snow  Oil  Engines. 

*  Advertisement  does  not  appear  in  this  issue,  but  products  are  listed  in  Classified  List  of  Mining 
and  Metallurgical  Equipment. 
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[Pleua  mintioQ  thii  b 


HOSE  for  Water,  Steam,  Oil, 
Acid,  Chemicals,  liquid.  Sand 


An  Accepted  Standard 


I 


T  IS  a  reasonable  statement   that  now  is  no 
time  to  fool  with  "just  as   good"  brands. 


The  entire  nation  is  facing  an  important  recon- 
struction period  American  industries  will  need 
new  supplies  to  take  the  place  of  war-worn 
equipment — among  other  items  Hose  of  various 
types  for  a  hundred  uses. 

We  recommend  Goodrich  Hose — one  of  the 
most  important  products  of  our  great  Rubber 
Goods  line — backed  with  a  clear  record  of  50 
years  of  leadership  in  Rubber — your  guarantee 
of  quality. 

We  invite  your  correspondence. 

THE  BF.GOODRICH  RUBBER  CBHPANY 

Makers  of  the  Celebrated  Goodrich  Automobile  Tires— 

"Bett  in  the  Long  Run" 

The  City  of  Goodrich- AKRON,  OHIO 


MADE 


BY 


J 


SERIAL -DO  NOT  REMOVE  «w 
FROM  BUILDING 


CIRCULATES  ONLY 
TO  DEPT.  OFFJCES 


■■ 


